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FOREWORD
The Propfan Test Assessment (PTA) Program involved modification of an
existing aircraft to provide a testbed for an advanced high-speed propfan,
subsequent tests of that propfan over a wide range of flight conditions,
and analysis of resulting blade stress and acoustics data. This document
is the Final Project Report for that program in fulfillment of DRD 251.
This work was performed under
Center. The NASA Project Manager
E. J. Graber, Jr.
contract
for the
from the NASA-Lewis Research
major portion of the work was
This report is also identified as Lockheed Aeronautical Systems Company
Engineering Report LG89ER0064.
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1.0 SUMMARY
The objectives of the Propfan Test Assessment (PTA) Program were to
validate in flight the structural integrity of large-scale propfan blades
and to measure noise characteristics of the propfan in both near and far
fields. All program objectives were met or exceeded, on schedule and
under budget. To accomplish these objectives, a Gulfstream Aerospace
Corporation GII aircraft was modified to provide a testbed for the 2.74m
(9 ft) diameter Hamilton Standard SR-7 propfan which was driven by a 4475
kw (6000 shp) turboshaft engine mounted on the left-hand wing of the
aircraft. Provision was made for changing the tilt angle of the forward
nacelle in order to vary dynamic loads on the propfan blades.
Flight research tests were performed for 20 combinations of speed and
altitude within a flight envelope that extended to Mach numbers of 0.85
and altitudes of 12,192m (40,000 ft). Propfan blade stress, near-field
noise on aircraft surfaces, and cabin noise were recorded. Primary
variables were propfan power and t[p speed, and the nacelle tilt angle.
Extensive low altitude far-field noise tests were made to measure flyover
and sideline noise and the lateral attenuation of noise. In cooperation
with the FAA, tests were also made of flyover noise for the aircraft at
6100m (20,000 ft) and i0,668m (35,000 ft). A final series of tests were
flown to evaluate an advanced cabin wall noise treatment that was produced
under a separate program by NASA-Langley Research Center.
The propfan was well-behaved structurally over the entire operating
envelope. Vibratory blade response, which was dominated by once-per-
revolution loads, followed predicted trends with airspeed, nacelle tilt,
power, and tip speed. Blade inboard vibratory response was slightly less
than predicted.
Noise measurements were dominated by tones at blade passage frequency.
For near-field and cabin noise, higher order harmonics were also sig-
nificant. Propfan noise was: strongly directional in both polar and
azimuthal planes, strongly affected by power and tip Mach number, a_d
significantly affected by nacelle tilt angle. Cabin noise was primarily
airborne (as opposed to structureborne).

2.0 INTRODUCTION
2.1 BACKGROUND
In response to national emphases on fuel conservation, the Advanced
Turboprop (ATP) Project Office was established at NASA-Lewis Research
Center in the mid-1970s. The major objective of this office was to extend
the excellent low-speed propulsive efficiency of the propeller to higher
subsonic speeds. At Math numbers up to 0.6, turboprop propulsion systems
were much more fuel efficient than turbofans, but at higher speeds, con-
ventional propellers rapidly lost that advantage.
Working with Hamilton Standard, the SR (single rotation) series of high-
speed propellers were developed and were dubbed."propfans." Wind tunnel
model tests indicated that the best of the propfans would permit fuel
savings of greater than 20 percent for medium range transport aircraft
cruising at Math numbers of 0.8. Furthermore, these tests showed the
propfans, with their thin, highly swept blades, to be much quieter than
high-speed propellers developed earlier.
Prior to declaration that propfans were ready for application, NASA
determined that two further steps were necessary. First, there must be
assurance that the propfan blades--representing a radical departure in
geometry from earlier blades--could be operated with the infinite-fatigue-
life properties necessary for commercial aircraft. Second, more knowledge
was needed about the noise characteristics of propfans to determine if:
(a) the cabin noise treatment weight penalties were acceptable, and (b)
propfan-powered aircraft could meet community noise standards.
To answer these questions, NASA established the Large-Scale Advanced
Propeller, or LAP, Program (Reference I) and the Propfan Test Assessment,
or PTA, Program. In the LAP Program, Hamilton Standard designed and built
a large-scale version of their SR-7 propfan; and in the PTA Program, the
Lockheed Aeronautical Systems Company developed a flying test platform for
the LAP and performed a series of flight research tests.
The LAP rotor, as shown in Figure I, consisted of eight thin, highly swept
blades, with tips designed to operate at helical Math numbers of almost
1.2 at the design flight speed of Math 0.8 at I0,668m (35,000 it). The
PTA aircraft, shown in Figure 2, was a Gulfstream II business jet that was
modified to mount the propfan propulsion system on the left-hand wing.
The propfan was powered by an Allison 501-M78 turboshaft engine rated at
4475 kw (6000 hp). The aft-mounted Spey engines were retained as the
primary power plants for the PTA aircraft. The aircraft was extensively
arrayed with microphones, pressure transducers, and accelerometers for the
measurement of the desired research data.
2.2 OBJECTIVES AND REQUIREMENTS
The NASA-defined objectives of the PTA
the development of a flightworthy drive
flight testing of a large-scale propfan:
Program were to evaluate, through
system and subsequent ground and
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Propfan structural integrity
Propfan source noise
Associated propfan-related cabin noise and vibration
FAR-36 community noise
En route cruise noise (ground)
The LAP test article was designated the SR-7L, and the LAP assembly
included the blades, hub and blade retention system, pitch change and
control system, spinner, and instrumentation. The SR-7L was designed to
operate with the blades moving upwards on the inboard side of the nacelle
with the nacelle on the left wing of the aircraft.
The propfan drive system was the Allison Model 501-M78. It was required
that it be geared and controlled so that propfan tip speeds of 183 mps
(600 fps), 213 mps (700 fps), and 244 mps (800 fps) could be tested. A
fourth tip speed of 256 mps (840 fps) was desired. Power loadings were
desired to range from the point of pea_ propfan efficiency up to maximum
power. A maximum power loading (P/Dp) of 321 kw/m 2 (40 hp/ft 2) was
desired at the Math 0.8, I0,668m (35,000 ft) design flight condition. The
design power loading a_ this fl_ght condition, as specified by Hamilton
Standard, was 257 Kw/m _ (32 hp/ft_).
The flight test envelope that was defined for the major portion of the
research tests is shown in Figure 3. It was required that tests include
the full range of power and tip speed variation at the Math 0.8 design
point, and it was desired that data be obtained in the extended envelope
to Math 0.85 at 12,[92m (40,000 ft). At the Math 0.8 design point, it was
also required that the test aircraft have a cruise test mission duration
in excess of one hour.
The PTA contract required that the testbed aircraft be capable of flying
safely from takeoff to cruise to landing within the operational envelope
for a condition of one engine failed, the other main engine operating up
to maximum power, and the propfan windmilling or feathered. For handling
quality, CAR-4b and MIL-F-8785C were specified as guides.
It was specified that flight research tests include four altitudes above
1524m (5000 ft), selected to cover the normal flight envelope of Figure 3
and, if possible, the extended flight envelope. At each altitude, at
least four Math numbers were to be selected. It was also specified that
low altitude tests should be conducted at a minimum of two altitudes to
define far-fleld, propfan-generated noise at stations consistent with the
FAR Part 36 noise measurement locations.
Furthermore, it was required that the test vehicles provide a range of
propfan excitation factors from 2.0 to 4.0 (4.5 desired), and that the
higher-order harmonic loads of the propfan be in the range of 12 to 30
percent of the total dynamic loads. Excitation factor is a parameter
developed by Hamilton Standard as a measure of unsteady aerodynamic loads
on propeller blades caused by flow field distortion. The PTA contract
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stipulated that aircraft yaw could not be used as the primary means of
attaining the required variation of excitation factor.
Wind tunnel and other scale model tests were required to minimize tech-
nical risks associated with the program. These included aerodynamic
drag/stabillty and control model tests as well as flutter model tests and
tests of the propfan Inlet duct. Other wind tunnel tests were specified
to obtain baseline acoustics on the small-scale model, and particularly on
the effects of propfan direction of rotation. These tests, unfortunately,
were precluded by problems with the hardware of the small scale model.
Some valuable data were obtained, however, on acoustic signal reflections
in a transonic wind tunnel, and these are described in Appendix A.
A propfan propulsion system static test of the full-scale system was
required to:
o Provide a functional checkout test of the complete system
o Verify safe and stable operation of the propfan and drive system
over the full range of power loadings
o Provide a functional checkout of all instrumentation
o Define propfan and drive system noise
o Provide data to verify predicted sea level static performance
Ground tests of the assembled aircraft were required to:
o Verify satisfactory operation of normal aircraft systems
o Determine vibration modes of the modified aircraft in order to
validate the analytical models used in flutter analysis
o Evaluate the relationship between wing excitation and cabin noise
o Verify predicted load paths for critical nacelle loads
o Assess cross wind effects on propfan blade vibratory loads
o Screen for incipient propfan stall flutter in taxi tests
Flight checkout tests were required to:
o Shake down and check out all aircraft and instrumentation systems
o Verify adequate handling characteristics with and without the
propfan installed
o Verify adequate flutter margins with and without the propfan
installed
o Verify the propfan drive system and system instrumentation
8
Evaluate propfan blade aeroelastic characteristics sufficient to
clear the test envelope
There were also requirements in the original contract for preliminary
design of a twin engine testbed aircraft, with the drive system on the
right-hand wing capable of rotating in either direction. The results of
this activity are reported in Appendix B.
Another requirement, that later became superfluous, was for tests of the
assembled PTA aircraft in the NASA Ames 40-Ft x 80-Ft Wind Tunnel. This
requirement was originally included as a preliminary to flight tests and
to obtain data on structureborne noise, but was deleted in favor of
expanding flight tests and acoustic data analysis. The work performed in
preparation for the wind tunnel tests is reported in Appendix C.
2.3 SCOPE
To meet the PTA Program objectives and requirements, the following tasks
were performed:
o
o
o
o
o
o
o
o
Selection of basic system components
Design of components
Developmental tests to support and validate design
Component fabrication and aircraft modification
System assembly
System checkout
Flight research tests
Data analysis and reporting
Highlights of the PTA Program schedule are shown in Figure 4. The program
began in October 1984, and the Detail Design Review was held in December
1985. Concurrent with system design at Lockheed, Allison Gas Turbine
Division of General Motors was engaged in fabrication, assembly, and test
of the propfan drive system, while Rohr, Inc., designed and built the
forward nacelle (or QEC). The drive system was installed in the QEC in
early 1986, and static tests of the complete propulsion system (with LAP)
took place in June 1986.
A number of small-scale models were designed and tested in this time
period with final wind tunnel tests occurring in September 1986.
The GII aircraft was procured in March 1986 and flown to Gulfstream
Aerospace Corporation for modification. It was mated with the reinforced
wing on which the aft nacelle was mounted and completely modified to the
PTA configuration by March 1987. First flight occurred that same month,
and flight research tests began in June 1987. Flight research tests for
the basic PTA Program were completed in November 1987, and flight tests
for the acoustic enclosure add-on were completed in March 1988.
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Analysis of flight research results continued through October 1988. An
Industry-wide review of those results was presented in November 1988.
2.4 SIGNIFICANCE OF THE FTA PROGRAM
The PTA Program accomplished all of its technical objectives. It demon-
strated that advanced technology, high-speed propellers can be developed
that will operate safely through the entire operating range of high-speed,
subsonic commercial aircraft. It also provided near- and far-field noise
data on a full-scale propfan that can be used to update predictions that
earlier were based on small-scale wind tunnel tests.
Another accomplishment that may have greater long-range significance than
either of the above, however, was the acquisition of a large amount of
high quality noise data for which test parameters were systematically
varied. The data analyses already performed have shown a good many areas
where noise prediction methods are inadequate, and in some cases have
pointed the way to needed improvements in analytical methods. It is
expected that further analysis of this data base can be very beneficial in
developing better noise prediction methods.
An example of new insight that has been gained is the recognition, on the
basis of PTA data analysis, of the significance of inflow angularity on
propeller noise; the prediction codes used did not adequately account for
this variable. The PTA data not only provide insight for improvement of
the codes, but also provide the systematic data base against which
improved codes can be evaluated.
Ii

3.0 SYSTEM DESIGN
3. I MAJOR COMPONENTS
3.1.1 A/rcraft
The Gulfstream Aerospace Corporation GII aircraft, shown in Figure 5, Is a
high-performance, low-wlng jet aircraft designed to seat a maximum of 19
passengers in a fully-pressurlzed cabin environment. It can cruise at
Math numbers up to 0.85 and has a range greater than 3000 NM. Ramp weight
with full fuel and payload is 30,000 kg (66,000 Ib).
The GII is powered by two Rolls Royce 511-8 Spey turbine engines mounted
on the aft fuselage. Each engine develops 48,930N (11,400 ib) of thrust
at static sea level standard day conditions.
Primary flight controls for the GII consist of hydraulically boosted
elevators and ailerons and fully powered rudder and spoilers. The control
column and pedals are directly connected to the primary control surfaces
by means of conventional cables and pushrods providing manual reversion
capability. The longitudinal control system consists of full-span conven-
tional elevators with a sealed internal balance area ahead of the hinge
line. Trim is accomplished with half-span irreversible trailing edge
tabs. The entire stabilizer is movable with the incidence geared to the
wing flaps to provide additional rotational moment during takeoff and
landing. The lateral control system consists of outboard ailerons and
midspan spoilers.
Secondary controls consist of a single-segment, double-slotted flap
mounted on trailing edge flap tracks. A ground-operable spoiler is
located inboard of the flight-operable spoiler on each wing.
3.1.2 Large-Scale Advanced Propfan (LAP)
3.1.2.1 General Description
The large-scale advanced propfan shown in Figure 6 is a 2.74m (9 it)
diameter, 8-bladed, tractor-type propeller rated for 4476 kw (6000 shp) at
1698 rpm. It is designed to be mounted on a standard 60A splined propel-
ler shaft. The LAP has a hydraulically actuated blade pitch change system
and a hydromechanical pitch control that allows the propfan to operate in
a speed governing mode. The design of the actuator and control is based
on proven technology used in Hamilton Standard's m/litary and commercial
propellers. A brief description of each of the major elements of the LAP
as depicted in Figure 6 is presented below.
3.1.2.2 SR-TL Blade
Features of the structural configuration of the SR-TL blade are shown in
Figure 7. These include a central aluminum spar which forms the struc-
tural "backbone" of the blade, a multi-layered, glass-cloth-reinforced
shell overhanging the leading and trailing edge of the spar, a nickel
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sheath which covers the leading edge of the outer two-thirds of the blade,
and a nonoperatlonal integral heater in the inboard leading edge area.
Though the scope of the LAP testing never included utilization of the
blade heaters, it was decided to install the heaters to evaluate the
structural response of a blade closely resembling that of a typical blade
configuration. The remaining internal cavities are filled with low-
density rigid foam. The outboard portion of the spar is intentionally
moved toward the blade leading edge to increase stability by reducing
overhung mass in the tip trailing edge, while at the same time increasing
the integrity of the leading edge from the standpoint of resistance to
foreign object damage.
The blade design makes use of a NACA Series 16 airfoil outboard and a
Series 65 circular arc airfoil inboard. Each blade has an activity factor
of 227.3 with 45 degrees of leading edge sweep at the tip. The blades
were designed with predeflection so that they assume the desired
aerodynamic shape at the cruise operating condition.
Although some improvements in sweep/stress/stability trade-offs were
predicted through the use of advanced composites, it was decided not to
include these in the final blade design. Their use would require the
development of new manufacturing technology, both in terms of suitable
construction methods and processes, and lengthy development of design
allowables to reflect the manufacturing process.
It was felt that the scope of the program would be best served by utiliz-
ing the service-proven combination of an aluminum spar enveloped with a
fiberglass shell for which processes and stress allowables are well known.
3.1.2.3 Hub and Blade Retention
The LAP hub assembly forms a semi-rigid link between the blades, which
provide the thrust, and the engine shaft, which provides the torque. The
hub and tailshaft is a one-piece forged component which is ¢arburized,
heat treated, and machined. A single-row bearing retains each of the
eight blades in the hub, while the tailshaft secures the propfan to the
engine shaft through two cone seats that are preloaded against each other
by the propfan retaining nut. The hub also forms the support for the
pitch change actuator system, the control, and the spinner.
The retention transmits the loads from the blades to the hub while accom-
modating changes in blade pitch. The slngle-row ball bearing retention
provides ease of maintenance by allowing individual blade replacement
without disassembly of the hub. It has a through-hardened inner race
which seats against the aluminum blade shank and an outer race which is
integral with the barrel. The outer race is carburized to achieve the
hardness necessary to support the ball loads. The balls are kept apart
from each other by an elastomeric separator. The rotational speed of the
propfan keeps the retention submerged in oil which is contained in the hub
by eight blade seals.
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3.1.2.6 Pitch Change
The pitch change system is comprised of two components, a pitch change
actuator and a control. The pitch change actuator is the prime mover for
blade angle change and is located with the propfan hub as shown in
Figure 6. The pitch change control, which generates and re_lates the
system hydraulic pressures for the pitch change actuator, is a modified
version of an existing turboprop integral oil control and is mounted on
the hub tailshaft, also as shown in Figure 6.
Pitch Change Actuator - The hub-mounted pitch change actuator assembly
consists of an internal stationary piston, a _ransla_ing outer cylinder
with an integral yoke to engage the blade trunnions, and a pitchlock
and servo assembly. The picchlock and servo assembly meters the main
hydraulic pressure, upon command from the pitch control, to produce
increase-pitch or decrease-pltch pressure for the actuator. The pitch
change mechanism was designed such that all malfunctions will either cause
the system to pitchlock or go to feather. An additional safety feature on
the LAP is a ground adjustable low pitch stop. This limits the minimum
blade angle under all circumstances.
The actuator was designed to present state-ofothe-art technology and low
development risk technique that have been used on a number of existing
propeller systems. The design uses mostly steel for the load Carrying
members, and all surfaces subject to sliding seal wear are chrome plated
to increase durability. The actuator was designed to conservative stress
and deflection levels to minimize development effort while maintaining a
reasonable but not minimum weight.
Pitch Change Control The control for the LAP, as illustrated in
Figure 8, is a modified bAH60 Integral Oil Control unit. The 5_H60 is a
hydromechanical control in use on the Lockheed C-130 and P-3 aircraft.
Since the first production unit was placed in service in 1956, there have
been over Ii,000 built, and they have logged over 73 million hours. The
54H60 is very similar to the 5A&60 unit presently in service on the
Grumman E-2/C-2 aircraft. It provides the constant speed governing func-
tion and the capability to either manually or electrically feather the
propeller. Because of physical restraints on the installation, no beta,
i.e., direct blade angle, control is provided. An engine-supplied over-
speed electrical signal is available in the event of a malfunction of the
on speed governor. The control utilizes this signal through the feather
solenoid to cause the blade angle to increase until the propeller speed is
at the overspeed setting and modulates there.
The primary functions of the blade pitch control are to generate the
hydraulic pressure for the actuator and establish the increase or decrease
pitch hydraulic pressure signal transmitted to the pitchlock and servo
assembly. Hydraulic pressure is produced by two pumps contained in the
stationary control and driven by the propeller shaft. A pump, driven by
an auxiliary electric motor, provides hydraulic pressure for blade an_le
change when the propfan is not rotating. The increase/decrease pitch
hydraulic signal is produced by a flyweight governor and a governor valve,
which senses changes in rotational speed and sets the hydraulic pressure
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signal accordingly to reestablish the set point speed. This results in a
blade pitch angle rate of change that is proportional co the difference
between the actual rpm and the set point rpm.
The control has a single mechanical input positioned by an electro-
mechanical actuator mounted on the Allison gearbox. This input signal
will set the governing speed, feather the propeller, and reset the
governor for reverse. The reverse blade angle is set by the pitch change
mechanism. The output of the control is metered pressure to a half area
servo piston in the pitch change mechanism. The control also includes an
electrical feather override which will feather the propeller upon command
or in the event of overspeed, regardless of the position of the mechanical
pitch control input. Increasing metered pressure will cause the propeller
to decrease pitch. Decreasing pressure will cause the propeller to
increase pitch. Feather is accomplished by dumping metered pressure to
drain.
3.1.2.5 Spinner
The LAP spinner and rear bulkhead assembly is essentially a reinforced
fiberglass/epoxy shell, supported by the hub and actuator, and incorporat-
ing an aerodynamic shape to facilitate proper airflow around the blade
roots. Its primary function is to insure proper propfan aerodynamic
performance. The rear bulkhead, which mounts on the rear of the hub arms,
is the main structural support for the spinner and provides a mounting
surface for much of the instrumentation hardware in the rotating field.
3.1.3 Propfan Drive System
3.1.3.1 M570 Engine
The propfan drive system comprised the engine and gearbox and the connect-
ing torquemeter. The engine selected was the Allison Model 570, 6000 hp
class industrial engine. This engine, however, had an aircraft background
since it derived from the Model XT701 engine developed for the U.S. Army
Heavy Lift Helicopter program. To convert from the XTT01 to the 570
models, provisions for compressor bleed were eliminated, and the titanium
compressor case was replaced with one of steel. The Model 570 power
section is shown in Figure 9.
The compressor of the M570 engine is a 13-stage axial flow assembly with
variable inlet guide vanes and 5 stages of variable stator vanes. The
compressor variable geometry (CVG) system is used to position the vanes at
their optimum angle at any operating condition. In addition to preventing
stall during start-ups, this system allows the compressor to operate at
high efficiency even at part load conditions.
The diffuser/combustor assembly incorporates a triple-pass diffuser and
annular combustor. The combustor contains 16 airblast fuel nozzles and
4 spark igniters which are turned off after combustion occurs.
The power section consists of a two-stage gas generator turbine and a two-
stage power turbine. The turbine case is designed to contain any single
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turbine blade failure. To further minimize damage in the event of over-
speed conditions, the failure order is as follows: turbine blades, wheel
lugs, and finally wheels. If a blade failure occurs, the rotor will no
longer accelerate and the risk of wheel failure is low.
All of the engine accessories are driven by the accessory gearbox that is
mounted on the bottom of the air inlet housing. These accessories include
the oil pump, centrifugal breather, and fuel pump. The accessory gearbox
also serves as the gearbox through which the engine starter drives.
3.1.3.2 Reduction Gearbox
The reduction gearbox for the PTA drive system was adapted from the
Allison T56-A-14 gearbox that was used on the Lockheed P-3 Orion. This
gearbox had two stages of reduction gearing and an overall gear ratio of
13.54:1. This produced an output shaft speed of 1020 rpm, whereas propfan
rotational speed of the order of 1700 rpm was needed for the PTA applica-
tion. For the PTA gearbox, the first stage gears were changed to produce
an overall gear ratio of 6.8:1.
The direction of rotation of the output shaft on the M570 engine was
opposite that of the T56 engines and with the T56 gearbox would produce
counterclockwise looking forward rotation of the propshaft. This together
with the desire to have the propfan rotate upwards on the inboard side of
the propfan installation established the location of the PTA propfan on
the left hand wing. This combination of engine and gearbox, however,
caused the gearbox accessory drive to rotate in the wrong direction, so it
was necessary to install a reversing idler gear in that drive train.
Altogether, it was determined that the following changes to the T56 gear-
box were needed to make it suitable for the PTA application.
New pinion gear
New main drive gear
New pressure pump assemblies
Modified prop brake
Accessory drive reversing idler gear
Reworked front and rear housing
Redirected oll supply to the pinion and sun gear teeth
These were all considered feasible and well within the scope of the PTA
schedule constraints.
3.1.3.3 Torquemeter
There was no torquemeter that could be modified for the PTA application
because the distance between engine and gearbox was different from that on
other T56 engine/gearbox combinations. The design for the PTA, however,
was similar in all major respects to that of the T56-A-14 configuration
except for minor dimension changes.
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As shown in Figure i0, the torquemeter assembly consisted of a housing for
the torquemeter that also serves as one of the structural members of the
engine/gearbox assembly. The torquemeter shaft consisted of two
concentric shafts--the inner being a solid shaft that transmits torque to
the gearbox. The outer shaft was keyed to the inner at the aft end and
provided then a reference by which torsional deflection of the inner shaft
could be measured by a magnetic pickup.
3.2 AIRCRAFT MODIFICATION
A photograph of the PTA aircraft after modifications were completed was
shown in Figure 2, and the modifications are highlighted in Figure II.
The major modification, of course, was the installation of the propfan
drive system, and a major feature of the drive system design was the
ability to vary the tilt angle of the propfan ¢enterline. As will be
discussed in Section 3.2.3, Nacelle Design, this tilt angle variation was
needed to provide the required range of propfan blade dynamic loading.
The propfan propulsion system was mounted on the left wing of the aircraft
with the thrust llne at BL 4.191m (165.0 in.). This necessitated deacti-
vation of the inboard wing spoiler panels. The left wing was strengthened
to accommodate the weight and overhung moment of the propfan propulsion
system, and a dynamic balance boom was located at the left wing tip to
assure adequate flutter margin. The left flap in the wake region of the
propfan was strengthened to avoid sonic fatigue.
A microphone boom was installed on the left wing at a distance outboard of
the propfan centerline equal to the distance between the propfan center-
line and the nearest fuselage surface. The microphones on this boom
recorded essentially free-field noise data. On the right hand wing tip, a
static balance boom was located for lateral balance. This required that
the right hand wing also be strengthened to withstand taxi and gust loads.
Instrumentation was installed as indicated in Figure 12 to measure over
600 parameters plus propfan operational data. The fuselage cabin interior
trim and furnishings were removed aft of the cockpit, and data systems
were installed for acquisition and monitoring of data by test personnel at
consoles in the front and rear of the cabin as shown in Figure 13.
3.2.1 Wing Modification
3.2.1.1 Left Wing
The modification of the GII left wing assembly is illustrated in
Figure 14. An existing streamwlse rib at BL 368.3 cm (145.0 in.) was
strengthened to withstand loads transmitted through the inboard side of
the aft nacelle and a new rib was installed at BL 469.9 cm (185.0 in.) to
react the nacelle loads transmitted through the outboard side of the aft
nacelle. The nacelle was then secured to the upper and lower surfaces of
the wing through dual-element skate angles which may be seen in Figure 15.
A 0.318 cm (0.125 in.) thick external reinforcing doubler was installed on
the wing front beam, and a 0.254 cm (0. I00 in.) thick aluminum doubler was
23
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installed on the internal surface of the rear beam with aluminum nacelle
tie-ln fittings.
The leading edge of the wing was modified as shown in Figure 16. New
splice ribs and leading edge assemblies accommodated the intersection with
the propfan nacelle. Tapered fiberglass fairings were added on the wing
surface to provide a smooth fairing to the 0.229 cm (0.090 in.) skin
doublers.
The acoustic boom, depicted in Figure 17, was installed on the left wing
at BL 12.293m (283.965 in.) and was constructed primarily of carbon
reinforced epoxy material. The boom tapered from 18.8 cm (7.4 in.)
diameter at the wing front beam to 2.9 cm (1.4 in.) diameter at the tip.
The purpose of the boom was to position a row of five microphones outboard
of the propfan diametrically opposite a similar row on the fuselage and
thus allow investigation of the acoustic impact of upward versus downward
propeller motion in the wing/nacelle flow field.
The dynamic balance boom on the left wing tip was supported from existing
GII wing tank support fittings. It contained a lead plug which could be
positioned to accurately control the location of the boom center of
gravity. A steel nose, wooden tail fairing, and fiberglass boom-to-wing
fairing completed the assembly.
A new flap was provided for the left wing. It was externally identical to
the original GII flap but had thickened skins and an increased number of
internal ribs to withstand sonic fatigue in the propfan wake. The wing
fixed trailing edge behind the rear beam was also stiffened to withstand
sonic fatigue by doubling the skin gage and adding stiffeners.
The propfan aft nacelle overlapped the two inboard wing spoilers, as shown
in Figure 18. These two spoiler panels were deactivated by deletion of
the actuation linkage and addition of a fixed link to hold them in the
faired position. This eliminated the use of ground spoilers for lift-
dumping and reduced the spoiler contribution to roll control.
3.2.1.2 Right Wing
As depicted in Figure 19, the modifications to the right wing included
installation of a 136 kg (300 ib) static balance boom at the wing tip.
This boom also contained a lead plug which could be positioned to control
the center of gravity. The tip boom assembly weighed 969 kg (2137 ib).
The G-If wing was not designed to take landing loads with this type
weight, so it was necessary to add skin doubler to strengthen the right
wing also.
3.2.2 Fuselage Modifications
3.2.2.1 Cabin
The fuselage modifications are depicted in Figure 20. All passenger cabin
furnishings and interior trim were removed, and the flight station was
modified to accommodate the propfan controls and instrumentation.
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Antennae were added for the data telemetry system. The wing-to-fuselage
fairing was modified to accommodate the wing surface doublers, and stif-
feners were added to the fuselage skin in the vicinity of the propfan to
increase resistance to sonic fatigue.
Floor panels over the wing were replaced with aluminum panels which
provided penetrations for routing of instrumentation, electrical wiring,
and tubing from the pressurized cabin to the wing/propfan system. The
baggage compartment door was replaced with one designed to open even with
a pressurized fuselage to provide an emergency escape for the flight _rew.
A steel plate for fuselage protection in the event of blade loss was
installed when the propfan was first operated to search for evidence of
classical blade flutter. The 306 kg (675 ib) plate was designed to
withstand the impact of a complete propfan blade without failure or
penetration of the fuselage s;ructure. It was removed following success-
ful completion of the airworthiness portion of the test program.
3.2.2.2 Fllg_t Station
The flight station was modified by removal of the
installation of propfan controls and instrumentation
intercom system which accommodated all of the test crew.
weather radar and
plus a modified
In Figure 21, the drive system instruments are seen in a 3 x 3 cluster in
the center of the panel, where both pilots and the flight engineer could
read them. These instruments included:
o Np Tach - Propfan/power turbine speed (rpm)
o Torque - Engine output shaft torque
o TGT - Turbine gas temperature
o NG Tach - Gas generator speed (rpm)
o Oil Pressure - Dual needle indication of gearbox and gas genera-
tor oil pressure
o Fuel Flow/o Vlbe-Select Engine or Gearbox Vibration/o Oil Temp -
Oil temperature at tank outlet
o Fuel Temp - Fuel pump inlet temperature
Indicators - Warning light indicators were provided as noted on
the right side of the figure
3.2.2.2 Test Engine and Prop Controls
The controls for the test engine and propfan were mounted in a panel that
was qualified by use in the propulsion system static test program before
installation in the testbed aircraft. It was located at the aft end of
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the center pedestal, accessible to both pilots and the flight engineer.
The panel, also depicted in Figure Z1, included the following:
o Oil Tank Shutoff Switch - To close the tank outlet valve
Oil Cooler Flap Control Switch - To provide manual positioning of
oli cooler air exit flap
Engine Vibration Filter Select Switch - To select high or low
band pass filter
Engine Con=rol Switch - To turn on power to the electronic engine
control
Prop Feather Control Push-Pull Switch - To feather or unfeather
propfan
Prop Speed Control Switch - To turn on/off power to the elec-
tronic speed control
Prop Reset Switch - To align the command RVDT with the prop
electromechanical actuator
Prop Speed Control Lever - To control the speed (rpm) governing
setting of the prop
o Engine Throttle - To control the engine output torque
Fire Handle - This handle projected up from the control panel.
When pulled, it armed the No. I and No. 2 fire bottles and closed
the engine fuel control valves, the fuel isolation valve on the
wing front beam, the air turbine starter air isolation valve, and
the oil tank shutoff valve. A right or left twist of the handle
fired the bottle discharge squib for the indicated bottle.
O Agent Discharge Indicator - This light indicated when a fire
bottle had been discharged. A fire test switch was also provided
to test the detection control circuitry continuity.
o Fuel Manifold Quick-Fill Switch - This switch provided power to
the quick-fill valve.
O Manual Fuel Valve Switch - This switch opened the servo-operated
fuel valve in the engine fuel control.
3.2.3 Nacelle Desi_n
The PTA nacelle design was driven to a large degree by the requirement
that the tilt angle of the propfan ¢enterline be variable over a range
large enough to provide the desired range of IP excitation factor (2.0 to
4.5).
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The IP excitation of the propfan blades is determined by the relationship:
EF= _ x (VE1348)2
where: _-ffi Mean inflow angle in degrees
VE _ Equivalent airspeed in knots
Figure 22 shows the variation of EF with altitude, Math number, aircraft
gross weight, and nacelle tilt angle. It can be seen in this figure that
only the variation of nacelle tilt angle provides the range of excitation
factor needed in the flight test program. Therefore, it was determined
that the forward part (QEC portion) of the propfan nacelle would be
designed to tilt through a range from 3 degrees below the fuselage
reference plane to 5 degrees above.
3.2.3.1 Design Approach
The principal features of the PTA nacelle design were:
o The use of the quick engine change (QEC) concept in which all of
the basic drive system is mounted in a detachable forward nacelle
o Provisions for tilting (in a vertical butt-line plane) of the
forward nacelle
The use of as much as possible of the primary structure from the
Lockheed P-3 Orion nacelle
The resulting design is shown in Figure 23. The break between the QEC and
the aft nacelle (which was permanently attached to the wing) is noted.
The QEC was attached to the aft nacelle via four fittings, at the points
noted, two of which were replaceable to allow for changing the tilt angle
of the QEC. The QEC tilted about a llne through the upper fittings, and
the skin gap between QEC and aft nacelle was covered by replaceable
fairlngs.
Obtaining a drag-optimized nacelle/wing design was not a PTA Program
objective. It was recognized from earlier NASA work that installation
drag could be minimized by appropriate contouring of the nacelle and the
wing leading edges. For the PTA Program, however, it was determined that
economics and schedules dictated the simplest design consistent with
obtaining flight objectives. Therefore, as long as performance predic-
tions indicated that the Math 0.8 propfan design point could be obtained,
no sophisticated nacelle/wing contouring was considered. An excess-drag-
contingency plan was developed, however, that included in the scale model
wind tunnel tests a leading edge extension, or LEX, for drag reduction if
needed.
Aerodynamic design of the nacelle was also driven by the requirements for
a certain range and harmonic content of the propfan dynamic loads. These
requirements, as earlier noted, stated that IP excitation factor should
extend over the range from 2.0 to 4.0 and that higher order content should
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comprise 12 to 30 percent of the total. The design approach to achieve
the latter derived from small-scale tests (References 1 and 2) that showed
the inlet location and size depicted in Figure 24 to yield a higher order
content within the acceptable range. This is discussed in more detail in
Section 5.1.I.
3.2.3.2 QEC Forward Nacelle
The general arrangement of the PTA nacelle is shown in Figure 25. The
nacelle centerline was located at aircraft butt line, BL 165.3, a position
that gave the desired 0.2 Dp clearance between the propfan blade tips and
the fuselage surface. The engine inlet was located a distance behind the
propfan rotor plane equal to 0.26 Dp, a dimension established by propfan
blade dynamic loading requirements that will be further explained in
Section 4.3.1.
The structural break between the QEC and the aft na=elle started on the
top of the nacelle at the point where the wing leading edge intercepts BL
165.3, dropped vertically a short distance,, and then slanted forward to
clear the wing leading edge on the inboard side of the nacelle. The
primary structure of the QEC is shown in Figure 26. This figure shows the
QEC built up from a V-brace system, two forward structural frames, upper
and lower cowl panels, and an aft bulkhead. The secondary structure that
completed the QEC is shown in Figure 27. Located at the aft ends of the
V-braces were the fittings by which the QEC was attached to the aft
nacelle.
A detailed view of one of the QEC upper attach fittings is shown in
Figure 28. Together with replaceable fittings on the lower V-braces,
this structure allowed the QEC to be detached from the aft nacelle and
repositioned to a new tilt position with a minimum of effort. In the
latter stages of the flight test program, proficiency in this change had
progressed to the point where a tilt change could be made in less than two
work shifts.
Figure 29 shows the range of QEC tilt angles designed into the nacelle
structure. The baseline position was -I degree--selected because analysis
indicated this to provide vibratory loads in approximately the middle of
the available range. The structure was then designed to allow the QEC to
move 4 degrees from this position in either direction. As indicated,
these angles were measured from the waterline plane, to which the fuselage
reference plane was parallel.
The general arrangement of components and systems within the QEC is shown
in Figure 30. It can be seen that the gearbox drive shaft extended for-
ward through the spinner/QEC interface plane, and the propfan assembly was
attached to that shaft. The gearbox and drive system are described in
Section 3.3. The QEC also contained the engine starter, a fuel/oil heat
exchanger for fuel preheat, the oil tank, and the air/oil heat exchanger
system.
This arrangement of engine and gearbox lent itself most readily to the
engine air inlet system shown where a single scoop inlet was located on
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top of the nacelle and air was delivered from that inlet to the engine via
an S-duct. It is possible with this drive system to use other air inlets
and ducts, but the arrangement shown was selected as the best from consid-
eration of inlet recovery, propfan blade excitation, and aerodynamic drag.
This is discussed in more detail in Section 5.1.1.
The air inlet and outlet for the oii cooler can be seen in Figures 31
and 32. The alr/oll heat exchanger was located at the top of the nacelle
behind the engine inlet duct as shown in Figure 31. Air to the heat
exchanger entered through a NACA submerged inlet with contoured ramp side
walls and exited through an outlet with varlable-position external flap.
This flap, as shown in Figure 32, was positioned by an actuator that
responded to oll cooler outlet temperature.
3.2.3.3 Aft Nacelle
Basic dimensions of the aft nacelle are shown in Figure 33. The aft
nacelle was built onto the GII wing by Gulfstream as part of the wing
modification, and in accord with Lockheed structural design. The inter-
face between aft nacelle and wing structure has already been described
in Section 3.2.1.i. A better view of aft nacelle details is given in
Figure 34. As illustrated, the aft nacelle contained a vertical firewall
just forward of the front spar of the wing and a horizontal firewall that
separated the engine exhaust pipe from the wing structure.
A view of the exit region of the aft nacelle is shown in Figure 35. This
view shows that portion of the wing spoiler system that had to be deacti-
vated to accommodate the PTA nacelle installation.
The only element of the propfan propulsion system contained in the aft
nacelle was the tailpipe, shown in Figure 36, which was supported from the
aft nacelle structure. The tailpipe served two purposes--it ducted the
turbine exhaust gasses and noises aft for discharge near the wing trailing
edge, and it muffled the noise of the combustion processes. The muffler
concept was designed by Lockheed and fabricated by Rohr. The entry
adapter was a bell mouth that received the hot engine exhaust and was
large enough to induce cooling air into the aft nacelle region by ejector
pumping. An acoustic tailpipe lining was fabricated by Rohr and was the
basic element in the tailpipe structure. This lining is discussed in more
detail in Section 5.4.
3.2.3.4 Nacelle/Wing Fillets
The aerodynamic design goals in filleting were to: avoid adverse effects
(llke flow separation) in the flow interaction region of nacelle and wing
surfaces, minimize disruption of the natural swept wing flow, and minimize
The nacelle base area. The approach was to use the inviscid flow panel
code QUADPAN (Reference 3) in an iterative fashion to maintain a smooth
curve of the second derivative of surface pressure versus axial position.
The filleted regions are shown by the shaded portions of Figure 37.
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3.2.4 Aircraft Systems
3.2.4.1 Electrlcal System
The aircraft's electrical system was modified to account for the addi-
tlonal electrical loads of the testbed aircraft. Figure 38 shows a block
diagram of the modified AC electrical power system with the modifications
identified by the shaded areas. Minor modifications were also made to
existing DC and AC electrical power distribution.
The AC electrical power system was modified to provide power to the
propfan's auxiliary pump motor, power an additional inverter bus, and
provide power from the existing aircraft busses.
The propfan's auxiliary pump motor required 115/200 VAC three-phase power
at 400 Hz at approximately 4500 VA for 20 seconds. Since fixed-frequency,
three-phase power was not available on the GII, ground tests were
conducted to determine the effect of variable frequency power on the
auxiliary pump motor. The tests indicated that the motor would work over
the GII's AC frequency range if needed, but good engineering practice
would dictate operating close to design frequency. This, then, became
standard procedure for all except emergency conditions. The propfan'g
auxiliary pump motor was connected to the right a!ternator's monitor bus
(from which all other loads were removed).
%n additional inverter and the associated control components were added to
provide additional fixed-frequency AC power to the Lockheed data system
(LADS). Gulfstream had previously installed a similar configuration in
certain GII derivative aircraft. During flight tests, however, it was
determined that this additional inverter was not needed, so it was dis-
abled and the LADS was transferred to the aircraft's secondary inverter
bus.
The aircraft's main, pilot, and copilot circuit breaker panels were
modified to accommodate the remaining PTA modification power requirements.
Minor modifications were made to the pilot's circuit breaker panel to
provide main inverter bus power for PTA modification AC fixed-frequency
loads. Minor modifications were also made to the copilot's circuit
breaker panel to provide secondary inverter bus power to the Lockheed data
system and the Hamilton Standard data system. Modifications were made to
the main circuit breaker to provide main DC power to the Lockheed data
system and to the aircraft modifications. Essential DC bus power for
other aircraft needs was also provided from the modified main circuit
breaker panel.
The aircraft's two 20 KVA variable-frequency generators and its two
300A DC generators provided adequate power to the modified aircraft. The
aircraft's 200/115 VAC, three-phase loads plus the PTA modification
200/115 VAC loads were less than 26,000 VA as summarized:
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Operating Condition
Cruise
GII Aircraft Loads
Main Inverter T/R Load
Secondary Inverter T/R Load
*Auxiliary Pump Motor (6900 VA)
**Flight Test Inverter T/R Load
12,500 VA
4,229 VA
4,695 VA
w_
4_500 VA
Total Testbed Aircraft Load 25,924 VA
*Auxiliary pump motor load is not included because it is a
momentary load; less than 25 seconds of operation for the
flight condition.
**The flight test inverter system is currently disabled.
The two 20 KVA variable-frequency aircraft generators together were
capable of producing 40,000 VA. In the event of the loss of one generator,
the pilot had a switch to drop the Lockheed data system and the Hamilton
Standard data system off the bus. Also, the auxiliary pump motor required
a momentary load of only 12 seconds for each feather or unfeather opera-
tion so that the average load was very small. With these considerations,
the average load was under 20 KVA, which meant that one AC generator could
power the AC loads.
The two 300A DC power generators on the aircraft produced sufficient DC
power to meet the GII aircraft loads plus the testbed modification loads,
as shown by the following summary.
Operating Conditions
Taxi (20 Min) Day-Cruise
GII Aircraft Loads 435A
Testbed DC Bus Loads 89A
Max Demand (Amps) 524A
Total (Amp-M_In) --
Average Demand (Amps) 391A
6,936 Amp-Min 270A 15,695 Amp-Min
894 Amp-Min 89A 2,607 Amp-Min
_u 360A ---
7,831Amp-Min -- 18,302 Amp-Min
--- 305A ---
The two DC generators together were capable of producing 600A.
In the event of loss of power during test operation, critical PTA modifi-
cation loads were powered by essential power busses or designed to fail in
a safe manner.
PTA essential power loads located on the aircraft essential DC bus were:
o Feather control solenoid circuit
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Fire detector system
Flre extinguishing system
Fuel isolation valve
Englne/gearbox oil shutoff valve
Starter isolation valve
The propfan engine electronic control was on the main aircraft DC bus and
was designed to fail "shutdown" if a power failure occurred. The propfan
speed (rpm) control electromechanlcal actuator and control electronics
were powered by the main AC inverter and main DC busses; power failure
resulted in a failed-fixed speed command.
3.2.4.2 Subsystems
The following new subsystems were incorporated into the testbed aircraft:
o Torquemeter Indicator
o Fuel Flow Indicator
o Fuel Temperature Indicator
o Oil Temperature Indicator
o O11 Pressure Indicator
o NP and NG Speed Indicators
o Engine Vibration Indicator
o TGT Indicator
o Low Fuel Pressure Indicator
o MAG Plug Indicator
o Prop Oil Flow Indicator
o O11 Low Pressure Indicator
o Engine Start Control
o Prop Feather and Unfeather Control
o Prop Speed Control
o Oil Tank Shutoff Valve
o Fuel Isolation Valve
o Fire Detector
o Fire Extinguisher
The following GII electrical and electronic subsystems were modified:
o Electrical Power Distribution
o Intercom System
o Anti-Ice Valve
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Fire Warning System
Cabin Lights
Compass Flux Valves
3.3 DRIVE SYSTEM DESIGN AND qUALIFICATION
3.3.1 Power Section
The power section was a slightly modified version of the Model 570 indus-
trial engine, which earlier was derived from the Model XT701 turboshaft
engine. Primary differences between the XT701 and the Model 570 were the
elimination of compressor bleed and replacement of the titanium compressor
case with a steel case. Certain mechanical and electronic features were
also modified for increased durability and reduced cost for industrial
application.
The power section core of the Model 570 was a Model 570KA engine with
first stage gas generator turbine vanes reset. External modifications to
the 570, shown in Figure 39, consisted of a T56 style drive coupling
between the power section and reduction gearbox, a revised inlet housing
casting to provide T56 mounting pads for the reduction gearbox support
struts, and new rear engine mounts. Ten containment ring constraint
blocks were mounted on the turbine case split lines to react impact loads
in the event of an uncontained turbine failure. The end view in Figure 39
shows three of the configuration changes made to the 570 engine. At the 8
o'clock position, the rectangular box is the XTT01 electronic fuel control
and support raft. At i[ o'clock is the relocated XTT01 compressor inlet
temperature sensor with its element protruding into the flowpath. The
third is the fire shield around the entire perimeter of the engine case
just behind the fuel nozzles and ignitor plugs.
The changes from the Model 570 can be summarized:
O
XT701 features restored:
- Fuel control system
- Accessory raft
- Compressor variable geometry fuel driven actuation systems
- Center sump vent
PTA design changes:
- Air inlet housing to accept gearbox support struts
- Turbine vane changes
- Combustor case drains
- Fire shield attachment
- Lubrication requirements
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3.3.1.1 Air Inlet Housing Assembly
The air inlet housing was made up of an outer ring and an inner hub
connected by six radial struts. It supported the front of the compressor
and provided mounting for the accessory gearbox. The front flange of the
inlet housing mounted the adapter ring and torquemeter housing that trans-
mitted mount loads from the reduction gearbox to the power section. The
501-M78 inlet housing was machined
provide two T56 strut attachment
threaded holes were added for the
probe was relocated from the lower
external oil lines _rom the inlet
relocated.
from a modified Model 570 casting to
pads and add stiffening ribs. Four
torquemeter flange, the inlet sensor
left to the upper left quadrant, and
housing to the accessory gearbox were
3.3.1.2 Lubrication and Vent System
The compressor variable-geometry actuation system was changed f_om oil to
fuel, and the oil jet size was increased to lubricate the output spline,
as shown in Figure 40. An external oil tank was sized to duplicate the
capability of similar existing
building an engineering mockup
nacelle mockup development. The
rear bearing sump vent and two
lines, installing an orifice in
installation, and it was designed by
which was finalized in the QEC forward
vent system was changed by capping the
of the three center bearing sump vent
the center remaining bearing sump vent,
and rerouting the vent lines to the new oil tank. The resulting PTA
lubrication system is depicted in Figure 41. Scavenge pump gear face
clearances were reduced from the M570 tolerances in order to achieve the
scavenge capability required for high altitude operation.
3.3.1.3 Compressor Assembly
The compressor assemblies for the 501-M78 and the Model 570 power sections
were identical. The 13-stage axial flow compressor incorporated variable
inlet guide vanes and 5 stages of variable stator vanes. The compressor
variable geometry system (CVG) positioned the vanes for optimized perform-
ance and also provided adequate stall margin for start-ups.
3.3.1.4 Diffuser/Combustor Assembly
The diffuser/combustor assembly was identical to that of the Model 570
assembly except for the addition of two fuel drain valves to the bottom of
the combustor case, provisions for attachment of the fire shield, and the
capplng-off of two of the three center bearing sump vents and addition of
an orifice and line from the sump to the oil tank (XT70I configuration).
3.3.1.5 Turbine Assembly
This assembly comprised a two-stage axial flow gas generator turbine and,
on a separate shaft, a two-stage axial flow power turbine. The gas
generator turbine stage flow capacity was increased 1.5 percent from that
of the Model 570 by opening the first stage vane area 3.0 percent through
a 0.8-degree change in angle setting of the vane airfoil, as shown in
Figure 42. The reset of the vanes was achieved by machining standard
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castings at a 0.8-degree increased setting angle. The increased flow
capacity provided compressor surge margin at limiting rpm (I06.5 percent)
at the Math 0.8 design point that was comparable to the sea level static
surge margin for the Model 570 engine.
The turbine case was designed to contain any single turbine blade failure.
In the event of overspeed conditions, the failure order was as follows:
turbine blades, wheel lugs, and wheel. Failure of blades would preclude
further acceleration of the turbine, thus avoiding the risk of wheel
failure due to failure of the control system to prevent overspeed.
In the event of turbine wheel failure due to some cause other than over-
speed, a machined steel containment ring was mounted in the nacelle over
the length of the turbine. Stand-off lugs were mounted on the turbine
case flanges, as shown in Figure 43, to react the radial impact of the
containment ring in such a case.
3.3.1.6 Accessory Gearbox
The accessory drive, mounted on the bottom of the air inlet housing was
driven by the gas generator rotor system. It drove all the engine acces-
sories, including the oil pump, centrifugal breather, and fuel pump. The
starter drove the gas generator through this gearbox, which is unchanged
from the Model 570 engine.
3.3.2 Gearbox
The Model 501-M78 two-stage reduction gearbox was adapted from the T56-A-
14 (Figure 44) by making the changes shown in Figure 45. The first stage
gear ratio was changed, reducing the overall gear ratio from 13.54 to 6.8,
in order to provide 1692 rpm for the propfan. Because the output shaft of
the Model 570 power section rotated in the opposite direction from that of
the T56, an accessory gear train idler gear was added to restore the
direction of rotation for existing oil pumps. A reworked nose scavenge
pump mounting plate adapted the pump installation to the design changes.
The prop brake was modified, and a T56 development oil pump, which has a
23 GPM capacity, was selected to obtain increased flow capacity for the
range of variable speed operation (75 to 105 percent) for the PTA Program.
The gearbox output shaft turned counterclockwise (viewed from the rear).
The T56 gearbox had four magnesium alloy castings which provided struc-
tural support for the two stages of reduction gearing and the accessory
drive train. The structural members were the front case, bearing
diaphragm, rear case, and rear case liner. Within the housing was the
torquemeter shaft, which drove the input pinion. On each side of the rear
case were large pads for attachment of the engine mounts, and eyebolts on
the rear of the case provided for attachment of the tie struts to the
power section air inlet housing. The rear case inner diaphragm, secured
to the interior of the case, and the rear case provided the structural
support for the accessory drive gear train. The rear housing was modified
to accept the larger pinion gear and to accept the reversing idler gear
for accessory drive. The internal oll nozzles were revised to accommodate
the opposite rotation, and the oil supply to the pinion bearings was
rerouted.
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The pinion gear that drove the main drive gear was enlarged from 32 teeth
for the T56 to 51 teeth. The main drive gear was made smaller, from 100
to 80 teeth. Output from this first stage was delivered to the second
stage reduction by the sun gear hub and a sun gear secured to the hub.
The first stage reduction was 1.563:1, and the second stage reduction was
4.333:1, giving an overall reduction of 6.797:1. A reversing idler gear,
depicted in Figure 46, was installed to restore the direction of rotation
for the accessory gears that drove pressure and scavenge oil pumps.
Prior to completing the modification design, a 10-hour motoring test was
conducted which rotated the planet gear system at 1730 rpm to establish
that it would not be adversely affected by the "g" force increase on the
separator side rails of the planet journal caused by the speed increase.
No deleterious effect at the planet bearing separator/planet journal
contact zone were found.
The modifications performed to convert the standard T56-A-14 gearbox into
the 501-M78 configuration are summarized:
o New pinion gear (51 teeth)
o New main drive gear (80 teeth)
o New pressure pump assemblies
o Modified prop brake
o Additional accessory reversing idler gear
o Reworked front and rear housings
Redirected oil supply to the pinion and sun gear teeth due to
opposite rotation
The increase from 3728 kw (5000 shp) rating for the T56 to the 4474 kw
(6000 shp) rating for the PTA Program and the reduction gear speed changes
led to the estimate of cumulative life capability for the gearbox shown in
Figure 47. This very conservative estimate was used as a guide for plan-
ning test operations.
The propeller brake was a friction-type brake, consisting of a stationary
inner cone and a rotating outer member, located in the accessory drive
train. When applied, it acted on the primary-stage reduction gearing.
Reduction gear oil pressure held the brake disengaged, against a mechan-
ical spring load, during normal drive system operation. When the propfan
was not rotating, it resisted rotation in the normal (powered) direction
with a torque of 247 N-m (182 ft-lb) and would withstand a maximum torque
of 1532 N-m (1130 ft-lb) in the reverse direction. The helical splines of
the prop brake were machined in the opposite direction from the T56 since
powered rotation was opposite from the T56 application.
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3.3.3 Torquemeter
The torquemeter for the T56 power section was shown in Figure I0 and
described in Section 3.1.3.3. The PTA torquemeter was identical to the
T56-A-14 configuration except that the torquemeter tube was 1.27 cm
(0.5 in.) shorter, and the support struts were 6.15 cm (2.42 in.) longer
and 1.0 cm (0.394 in.) larger in outside diameter.
The torquemeter housing provided the structural connection between the
power section front housing and the gearbox. It provided the mounting
point for the torquemeter magnetic pickup assembly, the torquemeter
mid-bearing outer race, and the bearing lock tube. The shaft assembly
included two concentric shafts, two sleeve bearings, and the engine-to-
torquemeter coupling. The outer shaft was connected to the inner torque
shaft by a locating key at the aft end and provided a reference Eor
measurement of the twist/torque reacted by the inner shaft. Both shafts
rotated as a unit at power section output speed.
3.3.4 Controls_ Subsystems_ and Accessories
The drive system controls comprised the propfan control and the engine
controls. The only subsystems for the 501-M78 were the starter, which was
mounted to the accessory gearbox, and the oil tank, which was mounted in
the nacelle.
3.3.4.1 Propeller Control
This system is shown schematically in Figure 48. It comprised the prop
speed request system, which was mounted in the aircraft, and a rotary
actuator, which was mounted to the modified prop control lever assembly.
The prop speed control lever in the cockpit was connected to a rotary
variable differential transformer (RVDT), which provided a command signal,
through a slew transmitter and amplifier, to a rotary actuator mounted on
the gearbox and connected to the prop control lever. The prop control
lever assembly on the gearbox was modified to mount the rotary actuator,
which was connected to a T56 prop control link. To set prop governing
speed, the rotary actuator rotated the prop control lever assembly on
command, moving the prop control link. The prop control link then rotated
the prop input lever to set the propeller governing speed. This replaced
the cable and lever control system used on T56-powered airplanes, as
depicted in Figure 49.
3.3.4.2 Engine Control
The 501-M78 control system was based on the architecture for the XT701
engine and consisted of the following components:
o
O
o
o
Hydromechanical fuel control unit - XTT01 modified
Compressor inlet temperature sensor assembly - XT701 recalibrated
Main fuel pump - Model 570 modified
Compressor variable guide vane (CVG) actuator - Model 570
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Engine electronic control unit (ECU) - XT701 modified
Engine parameter transducers and pickups - Model 570
Exciters/igniters - Model 570
A functional diagram of the system is shown in Figure 50. Figure 51
presents an input/output diagram which shows the required inputs and
outputs for each control component and the interface between the control,
engine, and cockpit. Because the XT701 was designed as a helicopter
engine, the ECU system was modified for the PTA to delete selection of
antl-ice, condition monitoring, the condition lever, magneto power supply,
gas generator speed monitoring for collective pitch trim, and idle reset.
Power turbine speed limiting at 109 percent and slew rate limiting at
20 degree/second were added. The gas generator speed limiting was changed
to the new I00 percent limit, a manual fuel on/off signal and a power
turbine overspeed test signal were added to the control function.
The hydromechanical fuel control was
which was unchanged from the unit on
following functions:
tandem mounted
the Model 570.
on the fuel pump,
It performed the
Electrical power control
Isochronous gas generator speed governing
Start and transient fuel scheduling
Dual electric fuel cut-off
Manifold quick fill starting
Idle governor selection
The torquemeter schedules were modified to change from fail-high (heli-
copter requirement) to fail-low and to change one torquemeter schedule.
The gas generator overspeed limit was changed to 14,300 rpm from
15,000 rpm, and the speed request shaft position potentiometer was
removed.
The relationship between power lever position and prop speed input posi-
tion for normal operating conditions was as follows:
Power Lever
Condition Position
(Condition Lever)
Prop Speed Input
Ground Start
Air Start
Minimum Governing
Max Power (Nominal)
Max Power (Extended)
Idle Feather
Idle Feather
11,800 rpm 75Z Np
13,900 rpm 105% Np
14,500 rpm 105% Np
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There were three types of limits defined for flight operation: (I) limits
imposed by the hydromechanical control, (2) limits imposedby the elec-
tronic control, and (3) operational limits imposed by the pilot. These
are summarized:
To rque
Hydromechanical control
- NG overspeed limit 15,230 rpm (106.5 percent)
- Maximum fuel flow 1,814 kg (4,000 Ib) per hour
- MiniMum fuel flow 113 kg (250 ib) per hour
Electronic control
- NG overspeed limit 14,700 rpm ([02.8 percent)
- NG underspeed limit 8,650 rpm (60.5 percent)
- Np overspeed limit 12,535 rpm (109 percent)
- Np overspeed shutdown 13,915 rpm (121 percent)
- MGT (measured gas temperature) limit 874"C (1605°F)
Operational limits
MGT starting 652"C (1205°F)
MGT max continuous 819"C (1505"F)
MGT takeoff 870"C (1598"F)
715,862 N-m (44,000 ft-lb)
When power turbine (Np) overspeed was sensed, the control commanded the
prop speed toward feather.
Start and/or stop initiation was commanded through a three-posltion,
spring-centered switch. Momentary selection of the start position pro-
vided 28 VDC to the control for initiation of the automatic sequencing of
the ignition, fuel shut-off (solenoid operated), and starter air control
valve. A "manual" fuel shut-off was provided as a redundant means for
engine shutdown. With 28 VDC applied, this valve closed and remained
closed after engine coastdown, even in absence of the 28 VDC. With zero
volts direct current applied, the valve remained open during starting and
running. This valve in the fuel control assembly was differentiated from
the airframe-mounted fuel isolation valve, which had a mechanical backup
actuation mode, sometimes referred to as "manual fuel shut-off."
3.3.4.3 Starter
Allison defined the starter requirements which were met by a Garrett air
turbine starter mounted to the accessory gearbox pad. The starter was
powered by bleed air from the Spey engines. The air was delivered through
an airframe-mounted pressure regulating valve with an opening rate of
28.12 kg/mZ/sec (4 psi/set). This controlled opening rate limited the
impact torque for running engagements to 319 N-m (235 ft-lb), well below
the limit of 441N-m (325 ft-lb) established to permit engagement during
flight wlndmilling and on the ground during shaft run-down.
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3.3.4.4 0il Tank
A requirement for 43.5 liter (tl.5 gal) oll tank capacity was established
based on anticipated flight durations and conservative oli consumption
estimates. The vented tank was mounted in the nacelle above the drive
system to provide a positive head and therefore avoid the need for boost
pumps. The design made maximum utilization of existing tank hardware and
was tailored to fit within the confines of the nacelle structure. The
sump assembly and scavenge pickup from the P-3 and the filler assembly of
the C-130 oll tanks were used. The splash return system (deaeratlon) was
patterned from the successful P-3 design. The oli exited into the tank
from a flat nozzle to spray across the top of the tank to maximize surface
contact for deaeratlon. The sump incorporated dual outlets for the power
section and gearbox, a shutoff valve, and a temperature bulb to _onitor
oil temperature out of the tank.
3.3.5 Mounts
The 501-M78 drive system was mounted from the propfan gearbox and power
section in the same fashion as for the P-3 aircraft. The mount system
incorporated redundant load reaction paths to provide safety from whirl-
mode resonance and/or loss of the drive system in the event any of the
mounts were damaged in flight.
The gearbox mounts are shown in Figure 52. All mounts were located from
the front frame of the QEC/forward nacelle. The main mounts bolted to
pads on the side of the gearbox and auxiliary mounts were located at the
top and bottom of the gearbox.
The rear mounts were bolted to the rear flange of the compressor case.
The upper mount was connected to the QEC/forward nacelle, and the side
mount was connected by a link to the aft nacelle.
3.3.6 Installation
The 501-M78 drive system was designed
forward nacelle in a fashion similar to
installation design features included:
for installation in the PTA QEC/
that for the P-3 aircraft. The
o T56 type prop gearbox support
o P-3 type mounting of the drive system
o Design to meet the P-3 load envelope with subsequent review of
PTA load envelope, to preserve long-lead design releases
o Flightworthy drain/vent systems
o Altitude performance to meet NASA propfan test requirements
o Installation interfaces
Oil tank sizing and components based on successful aircraft
experience
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o Aircraft proven starter system
o Prop control actuator mounted on the propfan gearbox
o Fireshield attachment
o Inspection provisions for installed power section
o Instrumentation routing to common airframe interface connectors
The PTA nacelle general arrangement drawing, Figure 25, defined the
dimensions for the pertinent features of the nacelle and defined the
interrelationship between aircraft, powerplant, and engine datum
dimensioning systems. This figure depicts the nacelle in the untilted
condition, as do all views of the aircraft/propulsion system unless other-
wise noted.
As illustrated in Figure 25, the QEC (forward) nacelle and aft nacelle
were equipped with adequate dgors and removable panels to provide access
to all line replaceable units (LRUs), test instrumentation, and service/
adjustment points in the nacelle area.
3.3.6.1 Propfan Fuel Supply
The propfan fuel supply was taken from the left wing hopper near the wing
root and routed behind the planes of rotation of the engine rotating
compressors/turbine components to a shutoff valve that was mounted on the
wing front beam outboard of the propfan installation. From the shutoff
valve, the fuel line was routed inboard, pierced the side of the aft
nacelle, and was connected to a quick-disconnect through the coated frame
to the QEC/forward nacelle. All modified/added fuel lines were electri-
cally bonded to the airframe structure.
A fuel supply emergency manual shutoff was provided for the flight
engineer to use in case the electrical shutoff valve failed to close in an
emergency. A "T"-handle end of a Teleflex control cable was mounted on
the aft side of the bulkhead immediately behind the pilot, where it could
be easily reached by the flight engineer or copilot. The control cable
ran aft under the floor, pierced the FS 321 bulkhead, and traversed the
wing front beam and on through the aft nacelle structure to the fuel
shutoff/isolatlon valve. When the handle was pulled, the indicating arm
of the shutoff valve was pulled into the closed position.
3.3.6.2 Air Starter System
The pneumatic anti-icing air supply duct was removed from the left wing
and was replaced with a duct to supply high pressure air to the air tur-
bine starter for the propfan engine. As shown in Figure 53, a crossover
engine bleed air duct was removed between the main propulsion engines, and
the exposed ends were capped. The anti-ice valve was recalibrated to
serve as the isolation/pressure regulating valve for the propfan starter
air supply. Aluminum ducts in the wing fillet and fuselage, with 90
degrees or greater bend angle, were replaced with steel ducts.
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The controls for the air start system were located on the lower row of the
test engine and prop control panel. These controls (engine start switch,
air start isolation valve, starter valve open indicator) opened the bleed
air isolation valve, pressurized the air start duct, and initiated the
propfan engine start cycle. Duct pressurization was monitored on the
pressure gage located on the flight engineer's overhead panel, and
indicator lights were provided on the panel to annunciate valve "open"
positions.
3.3.6.3 Engine Lubrication and Oil Cooling
Installation of the engine lubrication and oil cooling system is shown
schematically in Figure 54. This system supplied oil to the engine and
reduction gearbox, cooled and filtered engine/gearbox oil, and cooled the
propeller hydraulic fluid.
The oil cooler was designed to fit on top of the nacelle behind the engine
inlet duct as shown in Figure 31. The entire system was submerged in the
upper nacelle contour for minimum high-speed drag. The air inlet was a
modified NACA submerged inlet with curved diverging walls, a 12-degree
ramp angle, and a width-to-depth ratio at the throat of 2.5. With a
diffuser to the heat exchanger, pressure recovery was estimated to be
greater than 65 percent of freestream dynamic pressure. The exit flap was
estimated to produce a suction of more than 20 percent of dynamic pres-
sure, so the total pressure head across the heat exchanger was estimated
to be greater than 85 percent of freestream dynamic pressure. This
exceeded predicted requirements by a comfortable margin.
Figure 55 summarizes the oil cooler system performance. There was no
problem with continuous operation on a hot day except for the reverse flow
static operation where such operation at 746 kw (i000 shp) was time
limited. This, however, imposed no significant constraints on PTA
operation.
3.3.6.4 Fire Detection and Suppression
Fire detection in the QEC/forward nacelle was provided by a continuous
element detector system, shown in Figure 56, connected in series to a
similar element in the aft nacelle. The elements were routed through all
anticipated high-temperature areas. There were two loops across the top,
two loops under the engine, and two loops low and aft where ventilation
air exits and spilled fuel may be expected to puddle.
The propfan nacelle fire suppression system consisted of two agent storage
bottles which were installed in the fuselage and supplied a distribution
manifold in the nacelle as shown in Figure 57.
3.3.6.5 Tailplpe Installation
A stub tailpipe, depicted in Figure 58, was bolted to the engine aft
flange. It incorporated vanes to remove the swirl from the exhaust in
order to facilitate entrainment of compartment ventilation exhaust flow
into the tailpipe. A replaceable nozzle formed the aft end of the stub
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tailpipe and was oriented to align the engine exhaust flow with the tail-
pipe at each of the different nacelle tilt angles as shown schematically
in Figue 23.
The tailplpe was pivoted near the exit and was raised or lowered to pro-
vide alignment with the stub tailplpe at each nacelle tilt angle. The aft
portion of the engine and the tailplpes were wrapped with insulating
blankets to protect the nacelle structure from radiated heat.
3.3.6.6 Turbine Containment Ring
The propfan engine turbine was located over a portion of the wing primary
structure because it was not possible to increase the wing torsional
strength sufficiently to permit location farther forward. In order to
protect the wing structure in the event that the turbine suffered an
uncontained failure, a machined-steel containment ring was installed as
shown in Figure 59. It was bolted to the aft nacelle structure and
relocated to align with the engine for each nacelle tilt angle. The
standoff or restraint blocks, which are also shown in Figure 43, were
designed to transfer failure momentum loads back into the engine casing.
3.3.6.7 Nacelle Cooling
Figure 60 shows the several zones into which the nacelle was divided for
fire containment and other safety considerations, and the cooling and
ventilation provisions that were made. Zone I contained the hot section
of the engine and the engine exhaust pipe. This section was isolated by
vertical and horizontal firewalls. Zone 2 comprised the cool section of
the nacelle forward of the horizontal firewall, and Zone 3 was an air
barrier region between the firewalls and the wing structure. The table
inset into Figure 60 shows design criteria for cooling and ventilation
flow in the three regions and the inlet and exit areas estimated to pro-
vide this needed airflow. The locations of inlet and exit ports are also
denoted in Figure 60.
The Zone 1 exit port was the open annulus separating the engine tailpipe
from the surrounding nacelle structure. This was originally sized at
0.081 m 2 (125 in.Z). During flight checkout tests, however, an aft
nacelle (Zone I) heating problem was encountered at high Mach numbers that
resulted from a combination of: the jet exhaust thrust being too low to
carry hot exhaust gasses completely away from the exit region, a shock-
induced flow separation on the aft nacelle that allowed a portion of the
hot gasses to reverse flow direction and enter Zone I, and the area of the
cooling air exit annulus being too large. The problem was completely
solved only by extending the length of the tailplpe, but in reaching a
partial solution, the area of the Zone 1 exit annulus was reduced to
approximately 0.026 m' (40 in.'), and ram air scoops were added to the
flush inlets of Zone I.
3.3.7 Maintainability
The drive system maintenance plan included
checks and consisted of routine preventive
pre-flight and post-flight
maintenance which involved
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inspections, servicing, and adjustments that could be accomplished on the
drive system while it was installed on the testbed aircraft. The checks
are enumerated as follows:
PRE-FLIGHT POST-FLIGHT
Inlet Area
Nacelle Area
Engine External
Exhaust Area
Filter Bypasses
Oil Level
Exhaust During Start
Drains During Start/Running
Noise on Coastdown
Drains
Filter Bypasses
Mag Plugs
Engine Accessories
Kngine External
Oil Level
3.3.8 Qualification
Two complete drive systems were qualified for flight testing through
systematic testing of the power sections, gearboxes, control systems and
subsystems, and accessories. A third gearbox was used as a slave unit in
nose-to-nose gearbox testing at an Allison facility. Figure 61 shows an
overview of the test plan for the major drive system assemblies: the
gearbox and power section.
3.3.8.1 Controls
All control components were bench-acceptance tested prior to assignment to
a power section build. In addition to the individual component tests, all
control hardware was mounted on the power sections during power section
testing. All components performed satisfactorily during the power section
tests, demonstrating that the control system met the functional require-
ments of the PTA Program.
3.3.8.2 Power Section
Power section testing occurred in parallel with the gearbox component
testing. Both 501-M78 power sections were used in the testing, which was
conducted in a dynamometer test stand as depicted in Figure 62. The power
section drive was input to a dynamometer which provided load absorbing
capabilities within program requirements. An air inlet plenum and exhaust
nozzle provided the capability to run conditioned air through the power
section. The altitude performance envelope was limited by the capability
of the test stand systems, necessitating analytical extrapolation of the
performance results to the higher altitudes of the PTA flight envelope.
The test durations are depicted in Figure 63, and the test envelope is
shown in Figure 64.
Power section S/N 0085 became the prime unit. This unit successfully
accomplished all its test objectives during 103 hours 23 minutes of opera-
tion. The testing included the following simulated inlet conditions.
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P
o Sea level static performance
o Altitude performance to 8.53 km (28,000 ft)
Altitude performance (as above) with total temperature reduced to
that corresponding to 10.67 km
o Altitude starts (simulated)
o 60-hour safety demonstration test (SDT)
o Repeat sea level performance
The 60-hour endurance test was conducted with the primary power section,
S/N 0085, for verification of power section durability. The test was run,
with ambient inlet and exhaust conditions, after completion of the
altitude performance calibration. The following 20-hour schedule was
completed three times.
DURABILITY TEST RUN SCHEDULE
POWER TURBINE SPEED (RPM)
POWER 8,625 10,062 11,500 12,075
KW (HP) (75%) (87.5%) (100%) (105%)
1491 (2000) 1:00 0:50 0:50 --
2237 (3000) 1:40 1:40 1:20 i:00
2983 (4000) 0:40 1:20 1:20 0:20
3728 (5000) 0:40 1:20 1:20 i:00
4474 (6000) 0:20 0:20 0:20 0:30
After completion of each 20-hour run, hot section components including the
combustion liner, first stage vanes and blades, second stage vanes, and
third stage vanes were boroscope inspected. Several fuel nozzles and gas
temperature thermocouples were removed for inspection. No distortion,
cracks, burning, or other distress was observed after completion of the
test. The durability test run was completed with no discernible engine
degradation, and the lubrication system verified acceptable operation of
the PTA power section vent configuration. The net oil consumption was
0.257 liter (0.068 gal) per hour.
The second power section (S/N 0086) was designated as the spare and was
tested for sea level and altitude (8.53 km/0.8 Mach) performance. During
the tests, which accumulated 64 hours 31 minutes, the power section was
boroscoped and process-lnspected as appropriate. Lubrication system com-
patibility was also demonstrated on this power section. Testing initially
showed a need for improved scavenging capability, which was accomplished
by reworking the scavenge pump to reduce internal clearances. Prior to
the last power section test, the scavenge pump was reworked to tighten
gear tip and side clearances. The reworked pump worked well against back
83
pressure with nacelle components in the system and demonstrated satisfac-
tory scavenge performance.
Demonstration of the altitude llght-off characteristics for the PTA
configuration power section was completed on S/N 0086. The power section
lighted and reached stabilized idle on every attempt with simulated altl-
tudes of 3,048m (I0,000 ft) and below. Above that altitude, the power
section did light-off but stagnated before reaching idle. The test
results validated the PTA engine specification.
Light-off demonstrations up to 8.2 km (25,000 ft) and 0.5 Math indicated
that air starts would not be a problem, as confirmed in the flight test
program. Altitude light-offs were successfully demonstrated at all inlet
conditions attempted:
Altitude
Sea Level
1,524m (5,000 ft)
3,048m (I0,000 ft)
4,572m (15,000 ft)
6,096m (20,000 ft)
7,620m (25,000 ft)
Math Number
0.2 and 0.5
0.2 and 0.5
0.2 and 0.5
0.3
0.4
0.5
The performance of the PTA power sections with the Model 501-M78 speci-
fication is summarized below for 100 percent power turbine speed and
standard inlet conditions for the indicated flight conditions:
POWER POWER MODEL
SECTION SECTION SPECIFI-
0085 0086 CATION
dSea Level/Static
Rated MGT, "C ('F)
Rated Power, kw (hp)
8534m (28,000 ft), Math 0.8
Rated MGT, "C ('F)
Rated Power, kw (hp)
i0,668m (35,000 ft), Math 0.8
Rated MGT, "C ('F)
Rated Power, kw (hp)
Power Design Point, kw (hp)
808 (1486)
4612 (6185)
804 (1479)
3106 (4165)
807 (1485)
2307 (3094)
808 (1486)
4500 (6035)
805 (1481)
3098 (4154)
8o9 (1488)
2344 (3143)
808 (1486)
4430 (5941)
808 (1486)
2983 (4000)
786 (1447)
2215 (2970)
1933 (2592)
Both Model 501-M78 power sections satisfied the sea level static and alti-
tude performance specification requirements. At sea level static, the
demonstrated power margin above specification at maximum continuous rated
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temperature of 808"C (1486"F) was 3.1 percent with S/N 0085 and 1.2 per-
cent with S/N 0086. Similarly, the demonstrated power margin at 8534m
(28,000 ft) and 0.8 Math was 2.6 percent with S/N 0085 and 2.3 percent
with S/N 0086.
3.3.8.3 Gearbox
Three T56-A-14 gearboxes were purchased for the PTA Program. Two were
modified as described in Section 3.2.2 and identified as the static/flight
test unit (S/N 032543) and the component test endurance Unit (S/N 032542).
The third unit (S/N 032544) was modified in a slightly different manner to
allow reverse rotation for use as the slave unit in a nose-to-nose gearbox
test configuration. The objectives of the test were threefold:
I. To prove acceptability of the 501-M78 gearbox design throughout
• the PTA speed and load range
1 To determine the operating characteristics of the gearbox includ-
ing oil pressure, oil flow, heat rejection, and vibration levels
throughout the operating range
3. To verify the integrity and durability of the hardware
The gearbox component testing revealed that the 501-M78 design was satis-
factory throughout its specified operating range.
Two gearboxes were installed in a nose-to-nose configuration, as depicted
in Figure 65. A hydraulic torque applier loaded up the continuous loop
system through one of two workhorse gearboxes with a dynamometer absorbing
this load. In Figure 66, Gearbox No. i (S/N 032542) and the slave gearbox
are shown installed in the test cell. This arrangement provided a con-
venient means for evaluating the gearbox components over the intended
speed and load range. The metoring dynamometer supplied only the power
required to overcome system functional losses. The test rig consisted of
the following items:
o Workhorse gearboxes (single stage reduction)
o Test gearbox (501-M78)
2 each
I each
o Slave gearbox (501-M78, except that it used an 1 each
external lubrication system and had no accessory
gears)
o Torque applier (rotary, hydraulic) I each
o 2:1 speed increasing gearbox 1 each
o Motoring dynamometers 2 each
Over 700 hours of test time were accumulated among the three gearboxes,
as summarized in Figure 67. Of the total, 132 hours were accumulated at
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Figure 66. Nose-to-NoseGearbox Test Rig
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Figure 67. Gearbox Component Testing
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4474 kw (6000 hp). The static/flight test unit was subjected to opera-
tional and functional testing followed by a brief acceptance test. The
endurance test unit accrued over 300 hours of operational, functional,
mixed power endurance, and high power endurance prior to refurbishment and
acceptance testing. The slave unit accumulated the sum of the times from
these two gearboxes plus a small amount of time for torquemeter stand
calibration. The distribution of test time among the three gearboxes is
shown in Figure 68.
Following completion of the endurance test program, gearbox S/N 032542 was
disassembled and inspected, critical parts which had consumed a large
percentage of predicted life were replaced, the prop brake was installed
(not compatible with nose-to-nose testing), and a 2-hour acceptance test
was run to qualify it as a spare gearbox.
Operating characteristics for the PTA gearbox, including oil pressure, oil
flow, heat rejection, and overall vibration levels, were recorded as func-
tions of load and/or speed. Oil pressure, flow, and heat rejection data
compared favorably with design expectations. Vibration levels were con-
sidered acceptable based on T56-A-14 gearbox test experience.
Following the static test, instrumentation and minor power section refur-
bishment activities were accomplished in preparation for flight test.
3.4 INSTRUMENTATION
3.4.1 Data System General Description
Research test requirements to monitor and record over 600 data parameters,
and telemeter to a ground station over i00 of these parameters simulta-
neously, dictated unique design requirements for the PTA testbed data
acquisition system. These recordlng/monltoring requirements are sum-
marized as follows:
127 acoustic parameters
221 pressure pickups
i00 vibration/acceleration channels
36 propfan load/strain parameters
59 aircraft operational parameters
56 propfan propulsion system parameters
14 wing strain channels
126 aircraft operational/flight acceleration channels
In order to satisfy these requirements, the data acquisition system was
designed to use two primary multiplexing methods. A pulse code modulation
(PCM) system and a constant bandwidth frequency modulation (CBFM) system
were used to condition the data signals for recording on a 28-track,
l-inch magnetic tape. PCM was used for low frequency parameters such as
vehicle operational, propfan propulsion system, and pressure scanning
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systems. CBFM was used to condition all dynamic data such as microphone
and acceleration with frequency response requirements up to 2 kilohertz.
Hamilton Standard provided the data acquisition system for monitoring
and recording the propfan load/straln parameters. All other data were
recorded on the Lockheed system. A schematic of the Lockheed data acqui-
sition system is presented in Figure 69, and, as shown in Figure 69, an
airborne CRT data monitor was provided for monitoring in real time any PCM
data channels in engineering units. Any channel could be selected from
the keyboard and monitored continuously as a test progressed.
Constant bandwidth FM data could be examined in real time using an
oscilloscope to display the switched output of the discriminator set for
electrical noise content, adequate signal level, and signal clipping.
This system was used throughout the acoustic data gathering phase to
verify proper microphone signal level for subsequent analysis.
All PCM channels were telemetered to the ground for real time analysis
primarily during flight airworthiness tests.
3.4.2 Aircraft Fli_ht Instrumentation
The flight instrumentation consisted of aircraft condition parameters,
wlng/nacelle static pressures, and accelerometers for flight flu_ter use.
All of these parameters, except the static pressures were a part of the
PCM system that provided real-time monitoring capability on board the
aircraft and the telemetry link for real-time analysis on the ground.
A summary of the flight instrumentation is presented in Figures 70-85.
3.4.3 Drive System Instrumentation
The drive system instrumentation consisted of the following groups.
o QEC ambient air/structure temperatures
o Aft nacelle ambient air/structure temperatures
o Engine environment temperatures
o QEC subsystem temperatures
o Engine operational parameters
o Engine vibration pickups
With exception of the engine vibration, all the drive system instrumenta-
tion was processed through the data acquisition PCM system which provided
real-time monitoring capability both on board the testbed and on the
ground through the telemetry down link. The primary purpose of this
instrumentation was for ground checkout and flight airworthiness tests of
the propfan propulsion system. Figures 75 through 82 summarize the drive
system instrumentation relative to location and type of measurement.
3.4.4 Acoustics Instrumentation
The microphones, accelerometers, and strain gages for acoustics and vibra-
tion measurements were purchased from commercial suppliers, as were the
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28-channel, direct-reoord tape recorder and the two multiplexing systems.
The static pressure porting devices; the 260 channels of dynamic signal
conditioning hardware; the on-line signal selection, monitoring, and dis-
play hardware; and the special power supplies were Lockheed-deslgned and
fabricated.
In general, the acoustic instrumentation was "current technology" and did
not entail extensive development work. A few of the system design activ-
ities and technical features are worthy of note. A description of these
follows.
High-speed flow tests were conducted to aid in the selection of micro-
phones (pressure transducers) and accelerometers, and to evaluate surface
mounting techniques. The primary motivation was to minimize the aero-
dynamic noise contamination and, in the case of the pressure transducers,
to refine the static equilibrium vent.
As a result of these efforts and other considerations, the transducer
selected for fuselage external surface and.microphone boom sound pressure
measurements was the Kulite Model XCS-92-093-2D. This is a piezoresistive
D-C excited, Wheatstone bridge transducer with integral temperature com-
pensation and a working-pressure range of ±2 psi differential. A typical
installation arrangement of this cylindrical .093-inch diameter transddcer
is illustrated in Figure 83.
The transducer selected for the slipstream fluctuating pressure measure-
ments on the wing was the Kulite Model LQ-IAL-200-2D. This is a similarly
functioning device, but thin and rectangular in shape. These transducers
were recessed into the wing surface as illustrated in Figure 84.
The microphone boom transducer type and arrangement was similar to the one
in the fuselage. The transducers were installed in a plug which was
inserted from the opposite side of the boom, as shown in Figure 85.
The comparatively controlled environment in the cabin permitted use of
conventional laboratory microphones. The B&K Model 4176 condenser micro-
phone and Model 2639 preamplifier were selected. The same combination was
chosen for fixed locations on the wall and for the movable locations on
the traverse.
An evaluation of the turbulence generated by the externally-mounted wing
surface accelerometers led to the decision to locate all of these acceler-
ometers on the lower surface (underside) of the wing. A miniature unit
was selected for the wing and used universally in the fuselage, boom, and
nacelle. This was the Endevco Model 2250A piezoelectric acceleromete_
with built-in charge amplifier.
To measure acoustlcally-induced dynamic strain in the wing spars, Micro
Measurements Model CEA-250UW-350 strain gages were selected. These are
constantan foil gages with a phenolic backing, bonded with epoxy cement.
The strain gages were positioned on the upper and lower caps of the front
and rear spars near the fuselage/wing juncture.
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The specific locations for the various acoustic measurements and the final
division of the 260 available data channels continued to be refined during
the design phase. These specifics were finalized during the test planning
and hardware fabrication/modification phase.
The acoustic instrumentation design effort included the design of hardware
and procedures for in situ calibration of the microphones and accel-
erometers and for phase calibration of the transducers and the data
acquisition system. Microphone phase accuracy was checked prior to
installation, using a dual-transducer pressure stimulus device and cross
spectrum analysis. Phase relation among the various channels of the
acquisition and recording system was periodically determined by inserting
and recording an AC signal through all 260 data channels simultaneously.
3.4.5 Propfan Blade Instrumentation
The propfan blade instrumentation was designed and installed by Hamilton
Standard and is described in some detail in Section 6.4.1. It included up
to I0 strain gages on each blade to measure vibratory strain and instru-
mentation to measure blade angle and propfan rotational speed.
Data from the blade instrumentation was recorded on a 14-track IRIG tape
recorder. During tests, eight channels of data could be displayed and
monitored simultaneously on two oscilloscopes in the aircraft cabin, and
one channel could be displayed on a spectrum analyzer. This data system
was manned by a Hamilton Standard engineer during all tests in which the
propfan was operated.
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Figure 84. Typical Wing Microphone Installation
Figure 85. Typical Boom Microphone Installation
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4.0 MODEL TESTS
Model tests were performed to provide data for full-scale design and to
validate design procedures. These tests included:
Powered propfan model tests in low- and high-speed wind tunnels
to obtain aerodynamic and stability and control data
o Windmilling-propfan flutter model tests
o Static tests of the propfan engine inlet diffuser
These tests have been reported in detail in References 4 through 6.
lights from these reports are provided in the following sections.
4.1
High-
STABILITY AND CONTROL/PERFORMANCE/ACOUSTICS TESTBED MODEL TESTING
4.1.1 Objectives
In this phase of the PTA Program, dealing with wind tunnel model testing
for stability and control, performance, and acoustics, the objectives
were:
To establish that the proposed PTA configuration would be a
flightworthy vehicle
To establish that the proposed PTA configuration would meet the
performance objectives for the program
To provide basic information about the effects of propfan rota-
tion direction on aircraft acoustics
o To obtain flow field definition data to validate prediction codes
Because of difficulties with operation of the model-scale propfan rotors
at speeds sufficiently high to get supersonic tip speeds, the acoustics
objective was never achieved. The other objectives, however, were
successfully attained.
The approach employed in these wind tunnel tests was to obtain data not
only on the PTA configuration but also on the baseline GII configuration
so that increments of aerodynamic forces and moments could be obtained.
It was assumed that the full-scale increments would be the same as those
measured at model scale. The model-scale increments were then added to
GII flight data coefficients to obtain predicted aerodynamic character-
istics for the PTA aircraft.
4.1.2 Models
It was decided early in the program that a single model would be used for
both high- and low-speed wind tunnel tests and that the propfan rotor on
the model would be powered. Model scale was set at one-ninth--primarily
because of the size of the motors available to drive the propfan. The
PRECEDING PAGE BLANK NOT FILMED
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one-ninth scale established the propfan rotor diameter at 0.305m (i ft).
The major difference between the high- and low-speed models was that the
low-speed model had provision for varying flap and spoiler angles.
The model propfan blades were fabricated of graphite fiber cloth. Because
the edges were so thin, fabrication was a considerable challenge. At the
highest rotational speeds, axial loads produced by the centrifugal forces
were as hlgh as 2600N (600 ib). Furthermore, the curved and twisted
configuration of these blades at such loads produced extremely high root
bending stresses.
The model blades were designed to match, as closely as possible, the
loaded position of the full-scale blades. The degree to which this was
accomplished was measured in tests of the propfan rotor on an isolated
nacelle which permitted a comparison of the performance of the small-scale
rotors with the predicted performance of the SR-7 full-scale hardware.
This comparison showed that the rotor design objectives were met, and the
swirling slipstream at model scale adequately simulated the full-scale
slipstream. This work is reported in detail in Reference 7.
4.1.3 Test Facilities
The wind tunnel test facilities chosen are listed below.
Test
High-Speed Performance
Facility
NASA-Langley 16-Ft Transonic Wind
Tunnel
Low-Speed Stability and
Control
NASA-Langley 4M x 7M Subsonic Wind
Tunnel
High-Speed Flow Surveys NASA-Lewis 8-Ft x 6-Ft Supersonic
Wind Tunnel
A photograph of a typical model installation is shown in Figure 86. The
high-speed flow survey tests were made in the NASA-Lewis facility because
the Langley 16-Ft Transonic Tunnel was not available at the appropriate
time. This necessitated a reconfiguring of the model to a semispan con-
figuration, and this installation is shown in Figure 87.
4.1.4 Instrumentation
Aerodynamic forces and moments were obtained with sting mounted six-
component force balances for the performance and stability and control
tests. Because the models included alr-turbine-drlven propellers, it
was necessary to bridge hlgh-pressure air across the force balances. In
the low-speed wind tunnel this was no problem, but in the high-speed
tunnel there was a continuing increase in tunnel air temperature with run
time, and the flexible air lines bridging the balance were sensitive to
temperature gradients in spite of design efforts to eliminate that sensi-
tivity. Fortunately, the errors produced were limited to axial force
measurements--lift, side force, and the various moments were unaffected.
II0
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Figure 87. High-Speed Flow Field Model
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Much of the hlgh-speed drag data
subject to question because of
examined very carefully.
with the propfan powered, however, were
these thermal effects and had to be
Pressure taps were installed on the model wings--concentratlng on the
regions Just inboard and outboard of the nacelle. More pressure taps were
located on the nacelle surfaces so that diagnostic data might be obtained
in the event of inordinate drag or other flow problems emanating from the
nacelle installation.
For the flow survey tests, there was no interest in aerodynamic forces and
moments so there were no force balances. Primary instrumentation con-
sisted of flow survey rakes, each containing a number of 5-hole probes.
These probes, when properly calibrated, provide data for three components
of velocity. The calibration was performed in a subsonlc-transonic wind
tunnel at Math numbers from 0.6 to 0.95. These rakes were mounted on a
holder attached to the nacelle which positioned the probe tips in a plane
just aft of the propeller plane. This instrumentation and the model are
shown in Figure 88.
4.1.5 Supportin_ Analysis
The wind tunnel tests and the overall design of the PTA aircraft were
greatly aided by a supporting analytical program which provided results
to corroborate and extend the wind tunnel data. The basic tool in this
methodology was the low-order panel code QUADPAN (Reference 3). A pro-
peller performance code, PROPVRTX (Reference 8), was used to predict
slipstream properties. PROPVRTX was interfaced with QUADPAN by restating
surface boundary conditions to include velocity perturbations calculated
with PROPVRTX, and then correcting surface pressures in the slipstream
for the pressure rise across the propeller disc. This methodology is
described in more detail in Reference 9.
4.1.6 Test Results
4.1.6.1 Performance
Figure 89 shows a comparison of lift and pitching moment coefficients from
the wind tunnel tests with predicted values. There is excellent agreement
of the CL- G curves, but agreement was not quite so good for the pitching
moment data. The latter implies that the neutral point for the QUADPAN
predictions was slightly aft of that measured in the wind tunnel. Gener-
ally, however, the good agreement of these comparisons gave credibility to
both analytical and experimental data.
The major impact of the PTA modifications on aircraft lift characteristics
was due to the PTA nacelle. This can be seen in Figure 90, where it is
shown that lift was increased slightly at low angles of attack and reduced
slightly at angles of attack greater than 3 degrees. The llft generated
by the nacelle offset, to a large degree, the weight of the nacelle and
the other modifications to the left hand wing so chat the aircraft
required little lateral trim modification from the GII configuration.
Figure 91 shows that these lift characteristics prevailed throughout the
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range of flight Mach numbers. It also shows that the primary effect of
Mach number on llft was to increase the slope of the CL-G curve.
Drag polars for the GII and PTA models at low speeds are shown in
Figure 92. Through most of the flight range, the PTA modifications added
approximately 43 counts to the GII drag. At lift coefficients greater
than 0.6, however, this increment increased rapidly. The effects of Mach
number on PTA drag and a more detailed description of the drag buildup are
shown in Figure 93. As in the case of lift, it can be seen that the
largest effect was produced by the addition of the nacelle. Drag incre-
ments remained fairly constant with Mach number up to Mach 0.6, crept
upwards gradually to Mach 0.7, and then rose rapidly at higher Mach
number.
During the course of the design program for the PTA aircraft, there was
some concern that tcansonic drag rise might preclude attainment of the
Mach 0.8 design speed at [0,668m (35,000-ft) altitude. A contingency plan
was therefore developed. This plan involved the design and subsequent
wind tunnel test of a leading edge extension (LEX) to soften the impact of
the slipstream swirl on the inboard wing leading edge. The swirl on this
side of the nacelle tends to increase the effective angle of attack and,
at high subsonic speeds, may cause a premature drag rise. The LEX, as
shown in Figure 94, increased the camber of this part of the wing and
pointed the leading edge into the upwash produced by the slipstream.
Figure 95 shows drag polars for the PTA model with and without the LEX in
place. It can be seen that the LEX was quite effectiveureducing drag at
the design lift coefficient by 29 counts, or about 7 percent. This is
believed to have significance for future design efforts because, if this
fairly crude attempt to match wing contours to the swirling flow was
effective, a more sophisticated contouring of nacelle and wing should
result in a relatively low drag installation even at high subsonic speeds.
4.1.6.2 Pressure Measurements
Figure 96 shows pressure distributions on the upper wing surface adjacent
to the nacelle and along the surface of the nacelle for a Math number of
0.4. One of the major purposes of this figure is to show the excellent
agreement of the wind tunnel data with the analytical predictions. How-
ever, the effects of _he slipstream swirl on the wing flow can also be
seen by comparing the pressure distributions at wing stations 2 and 6. As
mentioned earlier, the slipstream effectively increased angle of attack on
the inboard side of the nacelle and decreased angle of attack on the out-
board side.
Figure 97, for a case without swirl included, shows that the subsonic flow
code QUADPAN is not as accurate at Mach 0.7 where some supercritical flow
occurs on the upper surface of the wing. Generally, however, QUADPAN was
accurate enough, even at the higher subsonic Mach numbers, to give good
indications of data trends.
Figure 98, which compares wing pressures with and without the nacelle,
shows that even without the propfan swirl, installation of the nacelle
117
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caused an acceleration of flow on the inboard side (adjacent to the
fuselage) that did not appear on the outboard side. This undoubtedly was
caused by the flow "channeling" between the fuselage and the nacelle.
This effect, together with the up-inboard rotation of the propeller and
slipstream, made the inboard side of the nacelle a more critical region
from the standpoint of transonic drag than the outboard side; and this in
turn was the reason that the LEX was designed only for the inboard wing
panel.
The susceptibility of the inboard wing region to the formation of pockets
of supersonic flow and subsequent shock waves may also be seen in
Figure 99 where the effects of increasing freestream Math number on wing
pressure distributions are shown. It can be seen that the flow inboard of
the nacelle accelerated substanti@lly more than on the outboard side of
"the nacelle with a tendency to the production of drag-producing shock
waves.
4.1.6.3 Stability And Control
In the area of stability and controllability, the major concern was with
the asymmetry of the aircraft and the effects of propfan power. It was
decided early in the PTA Program that the aircraft would not be flown with
flaps while the propfan was operating because the GII flaps were not
designed to withstand the loads produced by the propeller slipstream. In
the wind tunnel, therefore, tests with flaps were limited to the _npowered
case.
Figure i00 shows the effects of the PTA modifications on lift and pitching
moment coefficients with flaps in the takeoff (20-degree) and landing
(40-degree) positions. Data are shown for: (a) the propfan removed, and
(b) installed with the blades in the @eathered position. (The aircraft
was designed for ferry flights with the propfan blades replaced by stub
blades of the same weight.)
The pitching moment data show no effect on CMO but a significant d_tabi-
lizing effect on dCM/dC L that is worse when the propeller is feathered.
This destabilizing effect results from the lift of the nacelle which is
generated forward of the wing center of gravity.
The reduced level of stability for the PTA configuration at all flap
settings is almost exactly balanced by a forward shift in the center of
gravity envelope relative to the GII. Thus the data predict that the
static stability margin will remain the same as the GII at the design aft
center of gravity. The impact of the reductions in maximum lift coeffi-
cients is a slight increase in minimum operational speeds relative to the
GII.
The effects of propfan power on lift and pitching moment, flaps up, is
shown in Figure i01. The lift increment due to power increased with angle
of attack, and the maximum lift coefficient increased because of the pro-
peller normal force and the slipstream effects on the wing and nacelle.
At full scale the incremental effects of power on lift will be less than
shown in these data because of Reynolds number effects, but the same
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trends will prevail--pltching momentbecomes more positive with power and
the stability level decreases. However, in summary, the wind tunnel data
indicated no significant problems in longitudinal trim or flight charac-
terlstics for the PTA aircraft.
Side force, yawing moment, and rolling moment coefficients at zero side-
slip are shown in Figure 102. The nacelle and booms of the PTA aircraft
create a negative sldeforce increment at angles of attack greater than
zero. Yawing moment, however, was essentially zero at all operational
angles of attack because the induced side loads on the fin offset thedrag
of the nacelle. The large yawing moments shown at high angles of attack
were caused by low Reynolds number flow separation on the wing which is
delayed to higher angles of attack at full scale Reynolds numbers. No
rolling moments are indicated that cannot be easily balanced by available
trim forces. The data for these coefficients with flaps deflected showed
no additional significant effects.
Propfan power effects on side force, yaw, and rolling moments are shown in
Figure [03. As expected, there is a strong effect of power on yawing
moment, and in fact, the yawing moment shown at T_ I 0.9 is close to the
maximum value available from the rudder and wou_d limit minimum flight
speed at full propfan power except that the rolling moment reaches limit
at T_ = 0.6. For the PTA aircraft, the limiting condition for low-speed
flight was based on the trim condition of no more than 50-percent wheel
throw to balance roll.
The same kinds of data were obtained atsideslip angles other than zero
and provided input to the equations that were used to predict aircraft
flight characteristics. These equations also required tests to measure
the effectiveness of elevator, rudder, and spoilers.
Since the PTA aircraft was designed to operate with several nacelle
incidence angles, the effects of this variable were also evaluated in the
wind tunnel tests. The trim changes associated with nacelle incidence
variation were small and uniform.
In the operational range of angles of attack, increments in pitching
moment between GII and PTA became smaller with increasing Math number.
Figure 104 presents a composite picture of compressibility effects on lift
and pitching moment for the GII and PTA aircraft and utilizes data from
both the low- and high-speed tests, corrected to the Reynolds number of
the hlgh-speed tests. Superimposed is a curve from GII flight test data
showing the onset of high-speed buffet. Buffet onset is closely related
to the angle of attack at which maximum lift occurs, and since this angle
was reduced slightly for the PTA aircraft, it would be expected from these
data that buffet onset would occur a little earlier for the PTA.
The effect of Math number on a sideslip derivative was negligible except
for a small reduction in roll due to sideslip at high angles of attack.
This reduction tends to increase dutch roll stability and spiral insta-
bility, but is of little consequence with an operational yaw damper.
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Other tests were run to determine the effects of high-speed flow on rudder
and aileron-spoiler effectiveness. Nothing was found that would have a
significant impact on aircraft operation.
4.1.6.4 Flow Field Surveys
The flow field survey tests were made to validate the ability of the
QUADPAN code to predict velocity components in the plane of the propeller
in the range of flight test Mach numbers. There was particular interest
in the question of whether or not that capability would diminish at the
higher subsonic Mach numbers.
Some of the correlations of predicted and experimental data were dis-
appointing, as shown in Figure 105, but it was felt that much of the lack
of correlation could be blamed on: (a) difficulties in the QUADPAN
predictions with modeling details of the rake support structure, and
(b) differences between the calibrated and actual rake support str,lctuce.
The data shown in Figure 105 for the axial velocity component are,
however, the worst case. Agreement was much better for the lateral and
vertical velocity components as can be seen in Figures [06 and [07.
Perhaps the most gratifying result of these tests was that there was no
significant change iq the correlations with increasing Mach number, so it
was concluded that QUADPAN could reasonably be expected to predict the
three-dimensional flow fields for the PTA flight tests.
4.1.6.5 Isolated Propeller TesTs
The isolated propeller tests were run to assess propeller performance in
the absence of installation effects. The tests were run at a Mach number
of 0.4 in both the Langley 4M x 7M Subsonic Wind Tunnel and the 16-Ft
Transonic Tunnel. Propeller blade pitch was set at 49 degrees, while
angle of attack and advance ratio were variables. A hub balance permitted
measurement of axial force, normal force, and pitching moment while torque
and horsepower were obtained from the calibrated air motor.
Figures 108 and 109 show thrust and power coefficient data from these
tests plotted against advance ratio. Also shown are curves from two
predlctions--one made with the Lockheed PROPVRTX code and the second made
by Hamilton Standard for the full-scale propfan rotor. It can be seen
that there is excellent agreement between experimental and predicted
performance--implying that the small-scale rotor simulated the full-scale
rotor quite well.
4.1.7 Results and Conclusions
Drag data from the wind tunnel tests showed that, as expected, the PTA
modifications increased drag significantly. At the high-speed design
point (Mach 0.8 at I0,668m (35,000 ft)), the tests indicated a drag incre-
ment relative to the GII of 88 counts. At low speeds with flaps extended,
the increments were higher.
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Installation of the PTA nacelle increased wing llft and nose-up pitching
moment and slightly reduced pitch stability. Maximum lift coefficients
were slightly decreased. Rudder and elevator effectiveness were only
slightly affected, but roll control power was reduced--primarily because
of the deactivation of inboard wing spoilers. As expected, the
application of propfan power had a strong effect on yawing and rolling
moments. In fact, the limiting condition for low speed flight was set by
the requirement for adequate roll control margin.
Generally, the wind tunnel data were predicted with good accuracy by the
analytical codes QUADPAN and PROPVRTX--validatlng that these codes could
be used to fill gaps in the experimental data base.
The flow survey data showed reasonable agreement with QUADPAN predictions,
and there was no significant degradation of this correlation with Math
number.
4.2 FLUTTER MODEL TESTS
4.2.1 Objectives
One objective of the high-speed flutter model test program was to substan-
tiate the analytically predicted wing flutter safety of the single propfan
testbed configuration and a similar design with propfan powerplants on
both wings. A second objective was to obtain data with which to validate
the flutter analysis methods proposed for aircraft final design.
4.2.2 Test Facilities and Procedures
Wind tunnel tests of the high-speed flutter model were conducted in the
NASA-Langley Transonic Dynamics Tunnel (TDT). This tunnel uses Freon as
the test gas so that model dynamic properties can be better simulated at
representative test Math numbers. The model was tested on a very com-
pliant two-cable mount system which produced minimal effects on flutter
stability. The model is shown in the wind tunnel in Figure Ii0.
The model test envelope, Figure iii, was established by applying the model
scales to the testbed aircraft dynamic pressure at 1.2 V_ (where V. is
D u
dive equivalent airspeed). The maximum model test Math number was
limited to 0.9 by the TDT facility safety requirements.
The test procedure consisted of
pressures until flutter occurred
M _ 0.90) were reached.
speed buildups
or the test
at several tunnel total
envelope limits (1.2 VD,
4.2.3 Model Description
The flutter models were designed to simulate the operation of the testbed
aircraft throughout its flight test envelope and to demonstrate a
20-percent flutter speed safety margin above limit dive speed. A
geometric scale of I/9 was selected because it permitted the use of the
same propfan blades used on the PTA stability and control model, and the
resulting model size was compatible with the NASA TDT. The model design
scales are shown in the table of Figure 112.
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Figure II0. Flutter Model in Langley Transonic DynamicsWind
Tunnel
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Figure Iii. Flutter Model Test Envelope
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QUANTITY
Geometry
Mach Number
Density
Velocity
Dynamic Pressure
Frequency
Weight (Mass)
Mass Moment of Inertia
Stiffness (Beam)
SCALE (])
_#9 (2)
L/I (2)
i/I (2)
I/2.02
i/4.08
4._554/I
1/729
1/59.049
1/26.772
NOTES: (I)
(2)
Scale is for model-in-tunnel to
aircraft-in-flight.
When these model test quantities are
established, the other scale factors result.
Figure 112. Model Design Scales
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The three wing configurations tested were:
o Bare wing
o Twin propfan
o Single propfan
The bare wing configuration represented an unmodified GII wing with
1134 kg (2500 ib) static balance booms on each tip. The twin propfan
configuration represented the reinforced GII wing design with twin propfan
powerplants and 136 kg (300 ib) flutter stabilizing booms on each side.
The single propfan configuration represented the asymmetric PTA prelim-
inary design with propfan powerplant and flutter boom on the left side and
static balance boom on the right.
The model wings and fuselage were _onstructed with hollow aluminum spars
and segmented, flberglass-re_nforced, wooden aerodynamic fairings attached
to the spars. The propfan powerplants consisted of masses (representing
the power section, gearbox, and propfan) which were supported by springs
representing the engine mounts, and an aluminum truss representing the
nacelle structure. The fin and stabilizer were unsegmented monocoque
surfaces.
4.2.4 Instrumentation
The model was instrumented with a combination of strain gage bridges and
miniature accelerometers to measure the loads and dynamic response. Hall-
effect pulse transducers and frequency counters were used to monitor the
propfan rotation speeds. Six to eight of the strain gage channels were
calibrated _f_d monitored to ensure that the model maximum design loads
were not exceeded.
High-speed movie cameras were also used to record model responses. The
wind tunnel parameters were obtained via the TDT facility data acquisition
system.
4.2.5 Results
The tests that were conducted to substantiate the predicted flutter safety
for the single and twin propfan testbed aircraft preliminary designs
indicated that no flutter or near-flutter conditions occurred. The model
test envelope and representative test points are shown in Figure 113.
Tests with simulated severe failure conditions involving the powerplant-
to-gearbox connections and loss of the flutter boom indicated no wing or
whirl flutter.
Analysis validation tests were conducted with a destabilizing boom
installed on each wing tip to induce flutter or near-flutter conditions
near or within the test envelope. A near-flutter condition is indicated
in Figure 114 for the single propfan configuration with destabilizing
boom.
The wind tunnel model differed from the PTA aircraft in several respects.
Firstly, the model wing could not be made light enough to accurately
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simulate empty fuel tanks in the outer wing - one of the most critical
fuel conditions. Secondly, the model propfan nacelle flexlbilities were
greater than desired. Thirdly, for stability in the wind tunnel, it was
necessary to add a nose ballast to the model that was equivalent to 3227
kg (7100 ibs) for the full-scale aircraft.
An analysis was performed to determine the net effect of these differences
on the stability of the single propfan model without a flutter boom. The
predicted flutter speed was well above 1.2 VD, which was consistent with
the test results but indicated that the model was more stable than the
aircraft for this configuration. Therefore, the absence of flutter in the
tests did not indicate that the flutter stabilizing boom was unnecessary
for the testbed aircraft.
The test results alone could not be used to verify that the final aircraft
design would have adequate flutter safety margins. They did indicate,
however, that no serious flutter instablilities of the aircraft were
overlooked in the analysis.
4.2.6 Conclusions
The results of the design verification tests generally confirmed the
predicted wing and whirl flutter stability of the preliminary design
configurations tested. No unexpected flutter instabilities were caused
by the rotating propfan or the asymmetry of the single propfan testbed
configuration. The flutter stability of the symmetrical twin propfan
configuration was approximately the same as that of the asymmetric single
propfan configuration. It was concluded from the correlation of model
data with predictions that the flutter analysis method_ proposed for
aircraft design were capable of accurately predicting PTA wing flutter
characteristics.
4.3 INLET MODEL TESTING
4.3.1 Objectives
Fabrication of the PTA forward nacelle was one of the first segments of
the critical path leading to flight test. It was necessary at an early
stage, therefore, to specify the size, shape, and location of the engine
inlet, which is one of the dominant features of the nacelle. The design
selected required the inlet duct to make a sharp "S" bend, and this
aroused concern about the quality of flow from that duct into the engine
inlet. A test was therefore planned to measure the performance of the
inlet duct.
The larger objective of these tests was to validate that the duct would
perform in a satisfactory way, or if that proved not to be the case, to
provide diagnostic data that could be used to remedy deficiencies. The
specific objectives were:
o To measure pressure loss through the duct
o To measure flow distortion at the exit of the duct
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o To measure wall static pressure distributions
To measure the efficacy of fairings around the propfan drive
shaft that penetrated the duct
o To measure the impact of swirl at the inlet on duct performance
4.3.2 Test Apparatus
The inlet duct is shown in Figure 115, together with an inlet bell mouth
that was part of the test hardware. This duct was designed as a one-third
scale model of the full-scale hardware. Pertinent dimensional features of
the duct are listed in the table of Figure 116.
The test duct was designed using the three-dimensional inviscid panel code
QUADPAN. Figure 117 serves to illustrate the way that this inviscid code
was used to design a duct that obviously was sensitive to viscous effects
like boundary layer growth and separation. Part (a) of Figure 117 shows
pressure distributions calculated by QUADPAN for an initial configuration
of the duct; Part (b) shows pressure distributions after several itera-
tions of changing local duct contours to soften strong pressure gradients.
These were the predicted pressure distributions for the configuration that
was tested.
The test setup is shown in Figure 118. The duct and inlet bell were
attached to a cylindrical duct in which an axial flow compressor was
installed. This compressor induced flow through the test duct. Instru-
mentation included the wail static pressure tubes that can be seen in
Figure _18 and the duct exit total pressure rake that can be seen in
Figure 119. Figure 119 also shows the simulated propfan drive shaft that
penetrated the flow passage. Two fairings were designed to smooth the
flow of air around the drive shaft and were included in the test program.
4.3.3 Test Results
Figure 120 shows measured wall static pressure distributions compared with
those predicted. The agreement is, generally, quite good, but the best
part is that the measured pressure distributions show none of the strong
adverse pressure gradients that were to be avoided. These data imply that
the design successfully avoided significant regions of flow separation.
Total pressure recovery at the duct exit is plotted against Math number
at the 0.36 compressor face in Figure 121. These total pressure values
were obtained from six rakes at the duct exit with the readings area
weighted. Pressure recovery for the basic duct (no drive shaft fairings)
was very good. At the design value of compressor face Math number (0.36),
the pressure recovery was approximately 0.993. With fillet and hub
fairings around the drive shaft, this was increased to about 0.996. With
swirl simulation at the inlet, pressure recovery for the basic duct
without fairings was about 0.990.
The rake data were also used to calculate flow distortion at the simulated
engine compressor face. Distortion parameters used by the engine manufac-
turer are:
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Figure 115. PTA Inlet Duct Test Hardware
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PARAMETER
LENGTH (TH. TO C.F.), CM
OFFSET, DELTA Y, CM
OFFSET RATIO, DY/DX
MODEL SCALE
30.34
12.97
0.4275
FULL SCALE
89.76
38.38
0.4275
DIAM. OF COMPR. FACE, CM
DIAMETER OF HUB, CM
AREA, NET COMPR. FACE
AREA RATIO, C.F./THROAT
WIDTH/HEIGHT AT THROAT
THROAT ASPECT RATIO
(AREA/HEIGHT**2)
MAX FLOW TURNING ANGLE, DEG
DESIGN COMPR. FACE MA_H NO.
PEAK LOCAL MACH NO.
15.8
6.44
163.4
0.975
2. 482
2.131
29.0
0.36
0.46
46.74
19.05
1430
0.975
2.482
2.L31
29.0
0.36
0.46
Figure 116. PTA Inlet Duct - Major Dimensions and Design
Parameters
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(a) Complete Test Rig with Model, Side View
(b) Duct Model
Figure 118. Inlet Duct Test Apparatus
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Figure 121. Total Pressure Recove_-y at the Compressor Face
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Circumferential Distortion (KTHETA) - average
highest 240-degree sector minus the average
remaining 120-degree sector and divided by
pressure
pressure for the
pressure for the
the mean dynamic
Radial Distortion (KR) - average pressure in the inner annulus
comprising 60 percent of the area minus the average pressure in
the remaining 40 percent and divided by the mean dynamic pressure
Measured values of KR and KTHETA are plotted in Figure 122, together with
an envelope of allowable distortion for the engine. It can be seen that
there were no flow distortion problems for any of the duct configurations
tested.
4.3.4 Conclusions
Based on the results of these tests, it was concluded that the basic duct
designed with the QUADPAN analytic methodology was quite adequate for the
PTA application and that no modifications in the form of shaft fairings,
etc., were required. Performance, with total pressure recovery of
approximately 0.99, was better than expected. The flow distortion margins
were substantial and left room for some contingencies in the full-scale
hardware.
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152
5.0 ANALYSES
5.1 PROPFAN PERFORMANCE ANALYSES
5.1.1 Engine Inle_ Desi_ Analysis
Primary concerns with design of the forward region of the nacelle were:
o The impact of the engine inlet and other nacelle features on the
propfan dynamic loads
o Pressure recovery at the engine inlet
o Height of the inlet off the nacelle surface and the shaping of
the boundary layer diverter passage
o Pressure loss and flow distortion in the inlet diffuser
Valuable information to aid in the design of this region was obtained from
small-scale tests reported in References I and 2. Relevant data from
these tests are presented in Figure 123 and show that for a single-scoop
inlet located close behind the propfan, the IP and 2P blade stresses were
approximately the same and the total was 3750 psi. For a twin-scoop inlet
configuration in the same location, total blade stresses were somewhat
reduced, but the 2P content was about 80 percent of the total. The
single-scoop inlet moved downstream a distance equal to 9 percent of the
propfan rotor diameter, however, produced more nearly the desired pcopor-
tion of nP to IP stress content, and furthermore, the total blade stress
was the lowest of the three configurations tested. From the standpoint of
propfan dynamic loading, therefore, the single scoop in the aft location
was a good design.
Considering these results, the configuration shown in Figure 24 was
developed. The aerodynamic code QUADPAN was used to predict flow field
velocities in the plane of the propfan, and these flow field properties
were then used by Hamilton Standard to predict blade stresses. These
calculations confirmed that the higher order harmonic content was within
the desired range (12 to 30 percent of total) and that the total blade
vibratory stresses were within the allowable range from a structural
design standpoint.
Placing the inlet plane in this aft position, however, had two negative
impacts. The first was that the data from Reference I showed some degra-
dation in pressure recovery at the inlet face as the inlet plane was moved
downstream from the propfan. There was concern that total pressure loss,
if it were too large, might prevent attaining the power needed for the
flight research tests. Predictions based on Reference I, however, indi-
cated that even in the aft location a total pressure recovery of slightly
greater than 1.04 times freestream total pressure would be obtained, and
this was acceptable.
The second concern with the aft inlet location had to do with the impact
on the inlet diffuser duct that connected the nacelle inlet with the
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PROPFAN BLADE STRESS
GUN IIITESTS M-0.8
11011
SINGLE-SCOOP
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LOCATION
11O20
SINGLE-SCOOP
I NTERNEDIATE
LOCATION
2I0II
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MOST FORWARD
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IP
2P
TOTAL
19.50PSl
1800
37.50
1400PSI
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2250
300 PSI
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PRELIM NARY CHOICE
Figure 123. Propfan Blade Excitation for Several Inlet
Configurations
PARAMETER MEASURED TARGET
RECOVERY
CIRCULAR
DISTORTION
O.993 O.979
O.128 O.550
RADI AL 0.017 0.375
D I STORTION
HARMONIC .12, .08 .16 , .32
DISTORTION
COMPONENTS .04, .03 .20, .20
Figure 124. Inlet Diffuser Model Test Results
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engine compressor face. The aft location made this duct shorter and made
the "$" bends in the duct more severe than they would have been for a more
forward location of the inlet. With these constraints, there were the
risks of excessive inlet duct total pressure loss and flow field distor-
tion in the air delivered to the engine compressor.
To insure that these factors did not become problems, the design was made
conservative, and small-scale tests of the proposed design were conducted
to verify that the quality of flow to the engine inlet was acceptable.
The design was made conservative by electing to perform the diffusion or
deceleration of flow from Math 0.8 to =he 0.36 compressor face Math number
external to the inlet. Thus the inlet duct area could be maintained
practically constant. Results from the Reference i tests showed that this
could be done with little or no spillage drag penalty as long as the cowl
sections were carefully designed to avoid transonic drag.
Even with the non-diffuslng duct, the "S" bends and penetration of the
propeller drive shaft through the duct generated concern that unacceptable
flow distortion might result. The duct, therefore, was carefully con-
toured using the flow code QUADPAN as an analytical tool, as discussed in
Section 4.3.
Reviewing briefly, QUADPAN was used to predict the surface pressures
through the duct along top and bottom centerlines and along the extreme
side panels. Where these pressure distributions showed severe adverse
pressure gradients, it was recognized that boundary layer separation would
be likely to occur. In these regions, therefore, duct cross sections and
surface contours were modified in the direction to relieve the perceived
unfavorable flow environment. This procedure was followed through several
iterations until the final configuration was developed.
The resulting duct design became the subject for the scale model tests
reported in Section 4.3. The table of Figure 124 summarizes data from the
diffuser tests and compares these data with performance targets. As it
can be seen, the duct design was completely satisfactory.
Methods for cowl design were developed in the Reference 1 program and were
validated by experimental data as described in Reference i0. These
methods centered about the use of the QUADPAN code for the first stage of
design and for examination of three-dimensional effects, and the use of
PROPVRTX for power effects. Even though QUADPAN is a subsonic code, it
provided good guidance for transonic design when used with foreknowledge
of desirable pressure distribution characteristics. To verify that the
cowl sections obtained with QUADPAN were valid for transonic flow, an
axisymmetric transonic code FL049 was used to refine the cowl section at
the vertical centerline of the nacelle. An example of the result is shown
in Figure 125 where wind tunnel data show good agreement with predicted
nacelle pressure distributions.
The remaining area of the inlet/cowl design was the boundary layer
diverter trough between the inlet and the nacelle surface. It was deter-
mined in the Reference i tests that QUADPAN provided good predictions of
flow tendencies in this region even though QUADPAN is an inviscid flow
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program. Therefore, QUADPAN became the tool for shaping the boundary
layer diverter. The tests of Reference 1 also showed the inlet pressure
recovery to be strongly related to the height of the inlet lower lip above
the nacelle surface as shown in Figure 126. The PTA design point selected
was a compromise that sacrificed a little total pressure recovery to avoid
increasing the offset dimension of the S-duct.
5.1.2 Engine Exhaust Nozzle Sizin_
Maximizing shaft horsepower was a primary consideration in sizing the
exhaust nozzle of the PTA engine. Consequently, it was decided that the
nozzle would be sized to operate at the Math 0.8, i0,668m (35,000 ft)
design point with only enough jet exhaust thrust to induce aft nacelle
.cooling flow. To aid in this sizing, Allison provided the estimated
engine performance curves shown in Figure 127. The nozzle size for zero
exhaust thrust was about .343 m 2 (530 in.Z). It can be seen that reducing
nozzle size from this point soon approaches a "knee" in the shaft horse-
power curve, but that nozzle area can be reduced to .291 m 2 (450 in. 2)
without serious power degradation. At that nozzle size, thrust from the
engine exhaust was estimated to be 222N (50 ib), and this was estimated to
be enough for aft nacelle cooling. This then was the exhaust nozzle size
selected for the PTA installation.
5.1.3 Predicted Drive System Performance
A major design goal for propfan performance was to attain a propeller disc
loading of 300 kw/m z (37.5 hp/ft z) at the Math 0.8, i0,668m (35,000 ft)
design point. This requires 2265 kw (3037 hp) shaft power and 2293 kw
(3074 hp) from the power section. Data from Allison's simulated altitude
tests indicated that this goal would be exceeded provided installation
losses were not too high.
With the tailpipe sized at 0.291 m z (450 in. 2), as described in Section
5.1.2; with compressor face pressure recovery estimated at 104 percent of
freestream total pressure, as described in Section 5.1.1; and for an esti-
mated inlet total temperature rise of 5.5°C (10°F), drive system installed
performance was predicted. The results are shown in Figure 128 for a
range of altitudes and Math numbers and a propfan tip speed of 244 mps
(800 fps). Design requirements were exceeded in all cases.
Subsequent engine qualification tests and flight tests demonstrated that
the drive system performance met or exceeded these predictions.
5.2 AIRCRAFT AERODYNAMICS
5.2.1 Aircraft Dras Prediction
The key element in prediction of
craft was the estimation of drag
added to existing drag polars for
PTA configuration.
aerodynamic performance for the PTA air-
increments. These increments were then
the GII to obtain drag polars for the
157
1.05
1.04
PT 1.03 /
m
PTo
1.02
1.01
1.00
0
Figure 126.
o
e_
,
L
0
/
CURVE BASED
ON GUN DATA
DESIGN POINT
I z
.010
h/Dp
D IVERTER HEIGHT
_ SMALL SACRIFICE
IN PRESSURE
RECOVERY TO
DIMINISH DIFFUSER
OFFSET AND
FRONTAL AREA
I
•020
Impact of Boundary Layer Diverter Height on inlet
Pressure Recovery
M - O.RO
H = lO,56aM (35.300 Ft)
_Ower
_ Oes_gn
?olnc
I Zero Exhaust
Thrust Point
i r
.38 .15 .2a .32 ._0
Exhaust _ozzie Area _2
\
\
\,
// _ rmmJS=
/ \
' I
!_= :_
= i x`
I : I
J 3 ;
. :
- I
I
I, I i I I
0 200 ¢00 600 800
( IN2)
• Design Point Effective Nozzle Area - .Z9 M2 (400 IN2)
Figure 127. Impact of Exhaust Nozzle Size on SHP and Thrust
158
1,1
Z
,_-
._.I
._J
I-..-
Z
0
_.I
_.I
._J
._J
i---
cr_
Z
m
I--
i--
cr_
i.--
._J
i--
cr_
Z
N
I--
_Z
N
I--
,=..
__ o_
,A
0
-r
c
.J
/
.i
_ I _ "
o o o o _ o° _ _0 0 0 0
iI
(E]) .LSrI_H.L __-_'rI_LSNI
u
E]
L_
0
>
U
L_
159
Untrimmed zero-lift drag for the nacelle was estimated by accounClng for
the following components:
Friction drag
Interference drag
Pressure drag
Compressibility drag
Inlet boundary layer diverter drag
Base drag
Inlet spillage drag
These increments were estimated using conventional techniques as found in
References II through 13.
Figure 129 shows plots of the nacelle incremental zero-lift drag for the
conditions of propfan power on and off. ,The data point shown was obtained
from Lockheed wind tunnel tests made prior to the PTA Program of a
nacelle/wing assembly that was a prototype of the configuration used in
the PTA design. The good agreement of the predicted drag with this data
point gave confidence in the prediction methods.
To obtain drag for any flight condition, increments were added to account
for:
Drag due to power
Drag due to lift
Wing tip booms
Propfan drag in both feathered and windmilling conditions
Drag due to nacelle tilt
Aircraft trim drag
This procedure led to the prediction of aircraft drag polars for Math
numbers ranging from 0.4 to 0.9. Typical results are shown in Figure 130
for Math 0.4 and Figure 131 for Math 0.8.
The estimated drag increments were also used to predict drag for the PTA
wind tunnel model tests. For this purpose, it was assumed that the drag
increments for the small-scale tests were the same as for flight. The
increments, therefore, were added to available GII wind tunnel data
results. Comparisons of these predictions with the wind tunnel data
provided the basis for revision of the predictions, and the revised
predictions were then used to update aircraft performance.
Agreement of wind tunnel data with drag predictions was generally good, so
that there were no large revisions required. Figure 132 shows the
revisions needed for drag predictions as a result of the wind tunnel
tests.
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5.2.2 Aircraft Performance
Aircraft lift and pitching moments were estimated using the QUADPAN code
interfaced with the propeller slipstream prediction code PROPVRTX.
The combination of these aerodynamic prediction tools--empirical data for
drag, an inviscid panel code coupled with a propeller slipstream code for
surface pressures, and refinement of both with results from a wind tunnel
test program--provided the basis for good estimates of aircraft perform-
ance.
Predicted PTA aircraft performance is summarized in Figures 133 through
138. Speed for best rate of climb is plotted in Figure 133; climb per-
formance curves are given in Figure 134; long range cruise performance is
plotted in Figure 135; estimated sea level loiter performance in Figure
136; and the predicted speed-altitude envelope is shown in Figure 137.
Finally, these data are used to predict available test time as shown in
Figure 138.
These predictions indicated that the PTA aircraft would meet or exceed all
of the flight test performance objectives.
Prediction of airport performance for the PTA aircraft was based primarily
on results of the low-speed wind tunnel tests where data were obtained for
various combinations of flap and control deflections. These predictions
are presented in Appendix D.
5.3 AIRCRAFT STABILITY AND CONTROL ANALYSIS
5.3.1 Basic Aerodynamic Characteristics
The first step in the prediction of stability and control characteristics
of the PTA aircraft was the generation of an aerodynamic data file. The
principal tool in this effort was again the aerodynamic code QUADPAN.
To establish validity for QUADPAN, it was first used to predict the
aerodynamic characteristics of the GII aircraft, and these predicted
characteristics were compared with published GII data. An example of
typical results is shown in Figure 139. The agreement of the CL curves
is excellent; the agreement for the pitching moment curves is not quite so
good--probably because the neutral point for the QUADPAN predictions is
slightly aft of that for the GII data.
After this validation of QUADPAN, the PTA modifications were added to the
analytical code so that the characteristics of the PTA aircraft could be
predicted. These, plus the drag characteristics that were predicted as
described in Section 5.2.1, provided the basis for the aerodynamic data
file.
A comparison of GII and PTA aerodynamic characteristics showed that the
PTA modifications did not change elevator, rudder, or aileron effective-
ness. Deactivation of the inboard spoilers, however, did reduce roll
control power, and application of propfan power did affect roll and yaw
moments. Changes in lift characteristics were very small, as were changes
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in sideslip effects and changes in the dynamic stability derivatives. The
major changes were in the pitching moment characteristics.
5.3.2 Stability and Control Evaluation
Estimated flying qualities for the GII aircraft are presented in
Reference 14. These provided the baseline against which the PTA aircraft
was compared. Flying qualities were predicted for flight within the
speed-altitude envelope of Figure 140 and for the weight/center-of-gravity
envelope of Figure 141.
Elevator and elevator tab angles required for trim are shown in Figures
142 through 145. Elevator trim was slightly less for the PTA than for the
GII because of the forward location of the PTA neutral point; directional
and lateral trim were considerably different. For directional trim with
propfan power off, Figure 146 shows that only about one-half degree of
rudder deflection was required to trim the aircraft at Math 0.8 cruise,
but at Math 0.5, with the propfan at full power and symmetric power on the
Spey engines, rudder deflection requirements ranged from about 20 percent
full travel at I0,668m (35,000 ft) to about 50 percent at 3,048m (I0,000
ft).
Lateral trim requirements, as shown in Figure 147, are small at high
altitudes, but were more important at low altitudes and low speeds. Roll
authority, at 50 percent wheel throw, was available for maneuvering at
speeds down to 1.4 VS . At 1.2 VS and I00 percent power, roll authority
was reduced to about 30 percent.
Results from the analysis of static longitudinal stability are shown in
Figures 148 through 150. These figures show that speed stability is
reduced by the PTA modifications but remains within acceptable limits.
The center of gravity location for the PTA varies from about 31 percent to
28 percent with normal fuel burn-off, so that the variations of stick
force with speed are reasonable.
Maneuvering stability characteristics for altitudes of 3,048m and i0,668m
(I0,000 ft and 35,000 ft) are shown in Figures 151 and 152. Elevator
angle per "g" is slightly reduced by the PTA modifications, but a forward
center of gravity movement offsets this reduction. Stick force per "g"
remains within acceptable limits.
Longitudinal dynamic stability characteristics are shown in Figures 153
and 154. Figure 153 shows the short period frequency for both the
baseline GII and the PTA configuration. The data points represent test
conditions over the speed-altitude envelope and stay well within the
specified limits for good handling.
Damping ratios for the short period and phugoid modes are presented in
Figure 154. The short period damping ratio is increased by the PTA
decrease in stability level and the phugoid damping ratio shows good
characteristics in the 0.04 to 0.12 range for the entire speed-altitude
envelope.
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Maximum level flight speed, M_, is shown in Figure 155 for the PTA and GII
configurations for a range of gross weights and altitudes. Dive speed,
MD, is presented in Figure 156. The dive speeds are attained by pushing
over from MH into a 7.5 degree dive for 20 seconds. Figure 157 shows that
MD limits can be set at M - 0.90 or 390 KCAS, whichever is less.
Calculations were made to determine the sensitivity of M. and M_ to
changes in drag or reductions in propfan thrust. For a lO-count_rag
increase on an 8-percent reduction in propfan power, the reductio_ in MH
and MD were negligible.
Rudder deflection as a function of airspeed for flight with the left-hand
side one Spey engine inoperative is shown in Figure 158. For the "normal"
takeoff case, with flaps down 20 degrees and the propfan feathered or
windmilling, the minimum control speed (VM_) was essentially the same as
for the baseline GII. The V C used in the _II flight manual was 102 KCAS.
Since the PTA testbed aircraft was to operate in the 22,727 to 28,182 kg
(50,000 to 62,000 ib) gross weight range, stall speed was the governing
factor for takeoff and landing.
_igure 159 shows that the lateral-directional Dutch roll mode was altered
very little by a combination of inertia changes and weathercock stability
losses. These data are for the worst-case conditions simulating a failure
of the GII yaw damper, which provides a series yaw rate feedback to the
rudder control. The yaw damper provided Dutch roll damping that was
essentially deadbeat with a single yaw damper gain value. The Dutch roll
natural frequency lay between 1.0 and 2.6 over the required speed-altitude
envelope for the PTA configuration. The Dutch roll time constant was low
without the damper but acceptable with the damper operating.
The spiral mode, shown in Figure 160, was unstable at all speeds (damper
off), except high speed at low altitude, but time to double amplitude was
always much greater than the 20 seconds minimum requirement. The addition
of the propfan propulsion system improved the spiral mode slightly and was
of little consequence to handling qualities.
The roll mode time constant is shown in Figure 161. Roll response for the
PTA configuration was decreased by the inertia increase and the lower
spoiler effectiveness. Typical roll response data are shown in Figure 162
for sea level and for 12,216m (40,000 ft) altitude using 50 percent of the
available wheel throw. Response is considered adequate for the required
mission.
5.3.3 Conclusions
The stability and control analysis uncovered no areas of unsafe or objec-
tionable handling qualities. Indeed, the handling qualities of the PTA
aircraft were predicted to be generally the same as those of the GII. The
small changes that appeared were predicted to be such that the pilot could
absorb them with little or no conscious effort.
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5.4 ACOUSTIC ANALYSES
System design acoustic analyses were conducted to: (I) guide the initial
planning of the near-fleld and far-field noise tests and quantify the
acoustic environment that the airframe structure must be designed to
endure, and (2) assess the aircraft capability to fly the conditlons
necessary to accomplish the acoustic test objectives.
5.4.1 Initial Test Planning
In the initial analyses for test planning, it was concluded that near-
field and far-field noise data should be obtained for maximum and minimum
contributions from each of the principal sources of propeller noise, i.e.,
blade thickness noise and steady and unsteady blade loading noise. This
objective required analysis of the airplane and the propfan for operation
over the widest possible ranges of prqpfan rotational and forward speed,
shaft torque, inflow angle, and .aircraft altitude. The analyses further
led to the conclusion that, for many of the low-noise conditions, the
noise from the unwanted sources (drive engine and Spey engines) could
contaminate the propfan data, particularly in the far-field. To minimize
these effects, acoustic analyses and aircraft stability and control
analyses were made for flight with asymmetric Spey engine thrust and with
one or both Spey engines at idle, and for baseline flights with the prop-
fan blades removed.
5.4.1.1 Far-Field Noise
Since neither the testbed airplane or the propfan was designed for takeoff
and landing with the propfan operating, the far-field noise tests were
planned as a series of flyovers at constant airspeed, with flaps and gear
fully retracted and Spey engines always at flight idle. The parameters
selected to be varied were: propfan power (torque), tip speed (rpm),
inflow angle (nacelle tilt and yaw), and distance/elevation angle (alti-
tude).
The more important or fundamental far-field noise test criteria that were
decided were as follows:
Microphone placements, ground flush and 1.2m (4 feet) above
ground at points directly under and also to the side of the
flight path
o Shaft power test range, 1790 to 4475 kw (2400 to 6000 hp)
o Propfan tip speed test range, 183 to 256 mps (600 to 840 fps)
o Nacelle tilt range, -5 degrees down to +3 degrees (up)
o Yaw angle, ±5 degrees
o Altitude, 122 to 457m (400 to 1500 it) above ground level
200
Specific values of these parameters, along with the many remaining
detailed aspects of the far-fleld noise tests, were developed later during
the flight research test planning.
Propfan performance maps were developed for the far-field noise test
conditions as illustrated in Figure 163 to show the ranges of power
coefficient, C_, advance ratio, J, blade angle, _ , shaft horsepower, shp,
and propfan efficiency, Up , for the nominal flight condition of 0.3 Math
at 305m (I000 ft). In Figure 163, it can be seen that the planned test
cases adequately covered the upper segment of the performance map. The
lower segment was not covered. However, this was considered to be
acceptable since, for noise characterization purposes and for noise
prediction methods evaluation purposes, most of the interest was expected
to be focused on the higher-power operations.
Far-field noise preliminary estimates were made using rough engineering
methods to assess the relative strengths of the various non-propfan
sources and to assess the potential for these sources to contaminate the
propfan test data. An example of the result is shown in Figure 164.
These estimates indicated that at high power the propfan noise at the low-
order blade-passage frequencies would be clearly evident above all other
noises at the peak of the flyover signature. At frequencies beyond the
second blade passage frequency, however, and in the latter half of the
flyover signature, and at lower propfan power, the drive engine combustion
noise was predicted to contaminate the propfan tone noise. Consequently,
a drive engine exhaust noise suppressor was considered necessary to assure
adequate measurement of propfan noise.
Subsequently, propfan noise levels were predicted by Hamilton Standard
using more accurate theoretical methods that accounted for the non-axial
inflow prevalent during low-speed flight. While these improved predic-
tions showed slightly higher propfan tone noise levels, they did not alter
the conclusion that an exhaust suppressor was needed. A muffler was,
therefore, sized and configured to reduce combustion noise 15 dB over a
broad frequency range. The design and fabrication of this hardware was
described in Section 3.3.6.5.
5.4.1.2 Near-Field Noise
The near-field noise tests were planned as short-duration tape recordings
of noise-related quantities during steady flight at predetermined fixed
conditions. The quantities selected for recording included:
o Exterior sound pressures on either side of the propfan
o Fluctuating pressures in the propfan slipstream
Vibratory accelerations on the drive system, nacelle structure,
and wing structure
o Vibratory strains in the wing spars
o Vibratory accelerations on the fuselage structure
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o Cabin interior sound pressures
o Approximately 30 relevant atmospheric airplane,
engine operational parameters
The test variables and range are given in the cable below.
propfan, and
Test Variable
Altitude
Airspeed
Propfan Tip Speed
Propfan Power
Range
Metric Units English Units
305 to 12,192m
1.3 V S to Max Cruise
183 to 256 mps
418 kw to Max
1,000 to 40,000 ft
1.3 VS to Max Cruise
600 to 840 fps
560 hp to Max
Nacelle Tilt
Yaw Angle
Cabin Pressurization
Continuous
-5 ° to +3 °
-5" to +5"
Sea Level to 3,658m
Continuous
-5 ° to +3 °
-5" to +5"
Sea Level to [2,000 ft
Specific values of the near-field noise test
many remaining detailed test criteria, were
performance evaluations and finally resolved
planning.
parameters, along with the
refined during the airplane
during flight research test
The basic configuration specifics that were settled during the system
design acoustic analysis task were: a total of 260 data recording
channels would be dedicated to the noise-related data; data would be
obtained with and without the propfan installed; a wing-mounted microphone
boom would be installed suitable for obtaining noise data on the outboard
side of the propfan; the propfan would be geared to rotate up-inboard
(clockwise looking aft); the cabin would be untrimmed and devoid of sound-
proofing; a clear cabin area would be maintained forward and aft of the
propfan plane; and a microphone traverse rig would be installed in the
clear cabin area.
Propfan performance maps were developed for the near-field noise test
conditions. An example is shown in Figure 165, which encompasses the
propfan design point condition of I0,668m (35,000 it), 0.80 Math, 244 mps
(800 fps) tip speed, and 1,933 kw (2,592 shp). This plot shows that at
the hlgh-power, low-tlp-speed case, the required propfan blade angles were
surprisingly large--nearly 70 degrees. Subsequent analyses with updated
and improved propfan performance data produced essentially the same
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results. The conclusion was that the high-power, low-tip-speed cases
might be difficult to obtain, since they Involve near-stall conditions on
the blades and resultant high vibratory blade stress. It was clear that
these cases would require reassessment during the detailed test planning.
Near-field and cabin noise levels were predicted to: (i) assess the
difficulty of detecting propfan blade-order tone noise from among the
Spey engine and boundary layer noises; (2) assess the near-field noise
sensitivity to operating conditions, so the test conditions could be
appropriately planned; (3) determine the level range_ sensitivity; and
frequency response capability required of the near-field and cabin
acoustic test instrumentation; (4) determine the degree of ear protection
required for the on-board test personnel; and (5) determine the noise
exposure of the airframe structure. These predictions were first
accomplished with rough engineering methods and subsequently with more
theoretically refined methods. All of the intended applications of the
predicted data were accomplished. The geometry and baseline cruise point
conditions essential to the predictions are shown in Figure 166. Since
the propfan was optimized in the LAP Program for cruise at 0.8 Math at
I0,668m (35,000 ft), 244 mps (800 fps) tip speed, 1,933 kw (2,592 shp),
and axial inflow, those conditions were selected as the PTA baseline
cruise test point. The nacelle tilt angle required for axial inflow at
this condition was computed to be a down-tilt of -i degree.
Figure 167 shows predicted free-field noise level variation with airspeed,
power, and altitude for a single location in space. This prediction shows
the somewhat different acoustic character of a high-speed propfan--namely,
high noise at high dynamic pressures and tip helical speed rather than at
high thrust or power. Predicted noise levels over the surface of the
fuselage for the baseline cruise point are shown in Figure 168 where a
substantial surface area is seen to be exposed to noise levels of 145 dB
or more. Similar noise predictions were generated for higher orders of
the propfan blade passage frequency and other flight conditions. The
effects of tip speed, power, and inflow angle were also predicted.
Fluctuating pressure levels in the propfan slipstream were predicted to
the same extent, so as to reveal operational parameter dependency as well
as spatial variability.
From these predictions and related analyses, it was concluded that, on the
whole, propfan tone noise would be measurable above the background noise
at most locations and at most power conditions, if the data spectrum
analysis bandwidth was sufficiently narrow and the data recording time was
sufficiently long. Accordingly, data record length was set at nominally
one minute; data frequency range was set at i0 to 2000 Hertz, and spectrum
analysis bandwidth was set at nominally 5 Hertz. The sensitivity range
of the fluctuating pressure transducers was set at 0 to 14 x 103 N/m 2
(2 psi).
Cabin noise levels were predicted for
operations. For test personnel moving
was concluded that their exposure to
occasionally exceed 120 dBA, and for
ground runup and for worst-cruise
about the untreated aft cabin, it
"A"-welghted noise level would
ear protection and communication
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purposes, personally fitted helmets with integral muffs should be standard
gear for all test operatlons.
As a result of the preliminary noise predictions and a review of the
airframe structure design, certain structures were determined to require
sonic fatigue and vibration analyses. They were the fuselage shell in the
vicinity of propfan plane and the nacelle and wing structure immersed in
the propfan slipstream. Noise levels for these areas were examined more
closely for the worst-case conditions, which corresponded to highest
power, highest tip speed, highest flight speed, and the intermediate
altitude at which high dynamic pressures were encountered. For the fuse-
lage, this worst case was identified, and the resulting noise levels are
shown, in Figure 169. For the nacelle and wing area in the slipstream,
the predicted worst-case noise levels occurred at a slightly lower alti-
tude and speed where available power is slightly higher, as shown in
Figure 170. Sonic fatigue analyses for new and for existing structures
were based on these preliminary predictions, illustrated by Figures 167
through 170. The results of the sonic fatigue analyses are discussed
under Structural Analysis, Section 5.5.
5.4.2 Acoustic Test Capability Assessment
Analyses were conducted to determine whether the testbed airplane could be
flown in such a manner that the propfan could be operated at all of the
conditions required to fully define its noise characteristics and to
isolate the effects of various operational parameters.
5.4.2.1 Far-Field Noise
Evaluations of the Spey engine spool-up time led to the initial view that
the minimum flyover altitude would be about 152m (500 it) AGL. In sub-
sequent, more detailed stability/control studies during the test planning
task, the 152m (500-it) minimum flyover altitude was increased to 229m
(750 it) AGL for aircraft safety.
The 229m (750 it) minimum test altitude allowed time for crew reaction to
a propulsion system failure and for sufficient recovery of thrust and
speed to arrest the descent before reaching 152m (500 it). The analyses
were based on the premise that all propfan flyover noise testing would be
done with the Spey engines at flight idle. A minimum test altitude of
229m (750 it) was Judged to be acceptable.
The flight speed available for the flyover noise tests was evaluated
within the previously established criterion that all flying would be with
flaps and gear retracted. Therefore, to allow for momentary yawing,
rolling, and/or reduction in speed and lift in the event of a propulsion
system failure, the flight speed was set at a 30-percent margin above
the flaps-up stall speed, V_. For a low flight-weight of approximately
25,000 kg (55,000 Ib), 1.3 V S was estimated to be about 340 km/hr (185
KEAS), and for high weight 29,500 kg (65,000 ib), about 380 km/hr (205
KEAS). Because speed variation among various flyovers was not wanted in
these tests, a reasonable compromise single-speed for all flight weights
was set at 370 km/hr (200 KEAS), which equates to 0.3 Math for a sea-level
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standard day. This is 15 to 20 percent faster than would be expected for a
typical commercial propfan aircraft of similar weight and power, but was
judged acceptable for flight research purposes.
The thrust required to maintain level flight at 0.3 Math was estimated to
be 24,465N (5,500 ib). This was with flaps and gear up, at a nominal
altitude of 610m (2,000 ft) and weight of 27,300 kg (60,000 Ib), and with
controls set as required to counteract asymmetric thrust and lift. The
Spey engines each produce about I,O00N (225 Ib) thrust at flight idle.
Therefore, for propfan power conditions producing less than 22_450N
(5,050 Ib) thrust, the aircraft would lose altitude; for conditions
producing greater thrust, the airplane would gain altitude. Aircraft
gradient, as a function of propfan system thrust, is shown in Figure 171.
At maximum power, all propfan tip speeds are seen to produce a moderate
climb gradient, less than 2 degrees. At minimum power (about 40 percent
of max), moderate descent gradients resulted (3 degrees or less). These
gradients were considered acceptable. It was concluded that it was
feasible to conduct the acoustic flyovers with the Spey engines at flight
idle. While the loss of altitude during a. low-power flyover might
sometimes require normalization for distance, this was considered less
detrimental than the alternative, which was to increase Spey thrust (so as
to maintain level flight) and risk contamination of the propfan noise
data.
The control surface deflections were estimated for the large asymmetric
thrust conditions, and the bank angles and attack angles were estimated
for flight with intentional stabilized yaw. All were found to be
acceptable, with the proviso that the yaw inflow tests might have to be
conducted at reduced propfan power in order to reduce rudder loads and to
increase the magnitude of the yaw angles.
In order to determine the extent to which the Spey engines and the air-
craft contribute to the total noise present during the propfan tests,
flyovers were planned for the same Spey power conditions used in propfan
noise measurement tests but with the propfan removed. For this flight
condition, total thrust from the Speys was not great enough to sustain
level flight. The resulting gradient was determined to be about 5 degrees
descending (as can be seen in Figure 171) when propfan thrust is zero.
This descent rate was judged to be acceptable, particularly since these
flyovers could be made at a slightly higher altitude if necessary.
5.4.2.2 Near-Field Noise
When measuring near-field propfan noise, it was desirable to operate the
Spey engines at the lowest possible power to minimize contamination from
those noise sources. Propfan thrust alone, however, was not sufficient to
maintain level flight except at low altitudes and low speeds. This can be
seen in Figure 172 where various level flight test conditions are repre-
sented by separate lines, and points along these lines denote the Spey
thrust required when the propfan was operated at a given thrust. It can
be seen that some Spey thrust was needed for all cases shown except
Mach 0.35 at 914m (3000 ft) altitude when the propfan is operated at its
higher power levels.
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For the majority of test points, therefore, where it was necessary to use
Spey engine thrust, the left hand Spey engine was not used as long as
sufficient thrust could be produced by the single right hand engine. 0nly
when that thrust was insufficient was the left hand engine powered.
Engineering estimates _ndicated that Spey noise contamination should not
generally be a problem because the propfan noise was characterized by
strong tonal characteristics at levels much higher than the broadband
noise. Analyses like those resulting in Figure 172 were used to establish
the most favorable operating conditions, and the data were closely
monitored during testing to detect any contamination and permit use of
alternative test techniques where necessary.
One alternative technique was to abandon the restriction of level flight
and allow gliding flight with Spey engine power reduced. The baseline
design point condition was examined more closely to determine the flight
gradient that would result if both Spey engines had to be set at flight
idle in order to measure uncontaminated propfan noise, particularly for
low propfan tip speeds and thrusts. This analysis showed that for maximum
propfan thrust with both Speys at flight idle, lhe gradient would be about
4½ degrees descending, and at zero propfan thrust, 6 degrees descending.
This translates to descent rates of [8.3 mps (60 fps) to 24.4 mps (80 fps)
and during a typical data record duration of about 45 seconds, it would
result in about 975m (3,200 ft) of altitude variation on a mean of i0668m
(35,000 ft). The noise changes from such altitude variations, though
undesirable, were considered to be an acceptable tradeoff for reduced
contamination. Therefore, the ability to obtain propfan noise w_th both
Speys at flight idle was retained as an option, to be used only if
unavoidable.
5.5 STRUCTURAL ANALYSIS
5.5.1 Airframe Structural Inte_rit 7
5.5.1.1 Criteria and Methodology
The GII aircraft was certified to the 1962 Civil Air Regulations for
transport category aircraft, CAR-4b, and these regulations were used as
structural design guidelines for the PTA aircraft modifications. Recog-
nizing, however, that an across-the-board application of all CAR-4b
requirements would dictate structural modifications beyond those necessary
for PTA operations, each requirement was scrutinized for test program
applicability, and accordingly, some of the CAR-4b requirements were
adjusted. These adjustments are appropriately discussed in the paragraphs
that follow. Safe achievement of the test program objectives was a
priority consideration for the structural design.
Attention was given during structural design to the reinforcement neces-
sary for the GII structure as well as to the design of the new components
such as the propfan nacelle and the various booms. In other words,
evaluation of the entire airframe from a strength standpoint was necessary
to ensure structural integrity. Design substantiation was primarily
analytical with testing directed primarily toward obtaining design data
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and verification of analytical methods. A proof-load test was conducted,
however, on the propfan nacelle after it was installed on the airplane,
and this test is described in Section 8 of this report.
Evaluation of the wing, propfan nacelle, center fuselage, and the inter-
faces between these components was based on internal loads derived using
the finite element model shown in Figure 173. Conventional analysis was
used for the wing tip static balance boom, the wing tip dynamic balance
boom, the microphone boom, and the fuselage protective plate installation.
Integrity substantiation of other components was made by comparing PTA
maximum external loads with the corresponding GII design loads.
The CAR-4b factor of safety value of 1.5 was used. This safety factor was
applied to predicted limit loads (maximum loads anticipated) to obtain
"Applied Load." New or modified structure was further required to have an
ultimate margin of safety of at least 0.33, where MS _s defined by:
MS = Allowable Load -i
Applied Load
This provided additional conservatism to the design and compensated for
minimum structural testing. A minimum margin of safety value of zero was
considered acceptable for existing structure provided:
Allowables were the same as used to calculate the GII basic com-
ponent margin of safety
o No GII service failures of the component had occurred
o The component was, or was a part of, damage-tolerant structure
Damage tolerance was evaluated conservatively for fail-safe consideration
by applying limit load with zero margin of safety.
Two methods were used to derive PTA configuration external loads. Loading
conditions which were primarily static (cruise flight, normal maneuvering,
nondynamic gust simulation, steady ground operations) were investigated by
using a set of discrete element computer programs. Conditions requiring
dynamic analysis (e.g., landing, taxiing, gust encounter) were examined
using a lumped mass mathematical model representation wherein element
masses were considered connected with beams having appropriate bending and
torsional stiffness properties. Extensive programming and data modifica-
tions of existing computer programs were necessary to account for the
asymmetry of the PTA configuration; mass distributions, stiffness
distributions, aerodynamic loadings, and load condition parameters were
affected.
Aerodynamic loading data were derived theoretically using the Lockheed
QUADPAN flow analysis code, and then were adjusted as necessary to agree
with total airplane forces and moments indicated by GII flight tests and
high-speed wind tunnel tests. These data were supplemented within the
static loads program by a three-dimensional, subsonic, vortex-lattice
solution to provide the incremental loadings due to aeroelasticity. The
aerodynamic representation consisted of 278 panels.
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In addition to the aerodynamic panels, 344 grld points were used for
distributing weight data, and 98 grid points were used for defining the
flexibility matrix (122 elastic degrees of freedom for static deforma-
tions). The final matrix of external loads for each structural analysis
condition consisted of 1573 nodes and 4755 degrees of freedom; this matrix
was derived by expanding (spreading) the 484 node, 1227 degrees of freedom
loads solution matrix to achieve compatibility with the internal loads
analysis matrix.
Dynamic loading conditions were examined by using the first 30 complete
airplane coupled modes. The solution accoun=ed for the phasing of the
external forces and the resulting structural deflections. Time varying
lift build-up was accounted for by the Wagner and Kussner lift growth
functions. Landing and taxi condition loads were obtained by mathemat-
ically representing the landing gear strut and tire characteristics as an
energy absorbing and dissipating system acting between the ground and the
airframe; mathematical model verification was by comparison with GII
landing gear drop test results.
As with any airframe design/modification program, weight increases and
decreases were monitored carefully. The maximum GII ramp gross weight of
30,000 kg (66,000 Ib) with full external fuel formed the upper limit on
gross weight. Likewise, the GII design landing gross weight of 26,590 k_
(58,500 ib) was retained. During the design process the amount of static
balance boom weight needed for lateral airplane balance continually
increased. However, additional right wing reinforcing would have been
required for boom weights exceeding 950 kg (2,100 ib), so as an alterna-
tive, a slight lateral static unbalance was accepted and the boom weight
was restricted. The maximum allowable gross weight was reduced by 227 kg
(500 ib) as an additional safeguard. As predicted from wind tunnel tests,
the static lateral unbalance was counteracted by nacelle lift through most
of the PTA flight spectrum and was not a significant problem.
The airplane center of gravity limits used for structural analysis are
shown in Figure 174 as a function of gross weight. The extremes are
produced by the fuel shifts associated with airplane attitude changes.
Allowances were made for variations in equipment installations. The GII
design envelope is shown for comparative purposes. Although the PTA
forward limit was forward of the GII design limit at heavy gross weights,
a forward shift of the stability neutral point for the PTA configuration
kept the static stability margin within the GII design values. Hence, the
more forward PTA center of gravity limits did not dictate any additional
structural modifications.
Airspeed limits for structural design are illustrated in Figure 175. The
cruising speed, V_, was compatible with required PTA operations. The
design dive speed, V_, was derived in accordance with CAR-4b. These
D
speeds were less than the corresponding maximum speeds of the unmodified
GII. No value was selected for the speed for maximum gust intensity, and
the GII flap limit speed was unchanged.
Two-dimensional envelopes of predicted external loads were used for
selecting load conditions requiring detailed stress analysis. Component
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strength received primary emphasis; except
durability analyses were unnecessary because
of I000 flights and 3000 flight hours.
for sonic fatigue, airframe
of the testbed design limits
5.5.1.2 Wing Strength
Loads on the left wing just inboard of the propfan nacelle are summarized
by the bending moment versus torsion envelopes in Figure 176. Positive M.
is up-bending, and positive torsion, My, tends to twist the leading edg_
up. The inner envelope is a composite of both PTA maximum limit loads and
the GII design limit loads. The ultimate load envelope was 1.5 times the
limit load envelope; the structure was required to withstand ultimate
loads without failure. The maximum up-bending at this location occurred
for a smooth 2.5g pull-up maneuver with propfan not operating. Maneuver
load factor was reduced from 2.5 to 2.0 for propfan operating conditions
because the tilt feature of the propfan nacelle allowed attainment of
desired propfan inflows without extensive maneuvering; this minimized the
effect of the propfan on the aerodynamic loading.
The envelope landing condition loads shown in Figure 176 are for a landing
rate of sink equal to 2.3 mps (7.5 fps) at design landing gross weight
rather than the CAR-4b specified value of 3.05 mps ([0 fps). The loads
for this higher rate of sink are also shown in the figure. According to
GII design data, the maximum rate of sink expected statistically for civil
transports in 1000 landings is 1.7 mps (5.5 fps). Thus the reduction to
2.3 mps (7.5 fps) posed no operational difficulty for the test program.
Also shown on the PTA envelope are the loads associated with turbulence.
The unmodified GII wing structure was gust critical. The dynamic analysis
approach used for GII design was also used for the PTA with the following
exception: reduction factors which were applied to the GII dynamic
response loads were not appropriate for use on the PTA. These factors
were derived with continuous turbulence methodology for the GII design
mission profiles.
For the PTA analysis, a less severe gust environment was assumed. Loads
were determined analytically on the basis of one-minus-cosine shaped pro-
files of vertical gust velocity. For structural design, CAR-4b requires
the maximum gust intensity at the design cruise speed to be 15.2 mps
(50 fps), but this was reduced to 10.7 mps (35 fps) for PTA design.
When an evaluation of the effect of this change on PTA operations was made
using continuous turbulence gust environment data, a restriction prohibit-
ing flight in or near severe weather resulted. This 30-percent reduction
in analytical gust severity, however, minimized structural reinforcement,
and the weather restriction did not interfere with attainment of the
program objectives.
Design load envelopes for the region outboard of the propfan nacelle are
shown in Figure 177. PTA pull-up and push-down maneuvering conditions
together with the GII loads formed the envelope. The CAR-4b 15.2 mps
(50 fps) gust condition loads are shown for reference.
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Margins of safety for the left wing upper and lower covers are shown in
Figures 178 and 179, respectively. The left wing upper and lower surface
doublers were installed primarily to provide additional torsional stiff-
ness necessary for flutter prevention. Secondarily, they provided
strength margins of safety which were more than adequate.
Shear web doublers were installed on portions of the front and rear beam
to react the interface loads from the propfan aft nacelle. The addition
of these doublers furnished another degree of fail-safety, increased
the web stability, and smoothed the stress discontinuities which would
otherwise have occurred in the original web. The doublers increased web
thicknesses by more than a factor of two; thus, the margins of safety were
generally high.
The rib at Butt Line 145 was reinforced locally because of the loads
introduced into the wing box by the aft nacelle structure. The instal-
lation of the new rib at Butt Line 185 provided an orderly transfer of
nacelle load to the wing structure. Its design, being fashioned after the
primary rib at Butt Line 145, resulted in high safety margins.
The acoustic (microphone) boom was lightweight, and its aerodynamic
loading was minimal. The boom was designed structurally by the stiffness
considerations required to provide a stable environment for acoustic
microphones and by the need to avoid adverse coupling with wing modes.
In order to evaluate the strength of the boomand its installation, an
arbitrary 2g load of 182 kg (400 Ib) was assumed to act at the forward tip
of the boom. For this loading the most critical region was the forward
15 percent of the boom where the outer extremity was critical in bending
compression with a margin of safety calculated to be 0.28. Even though
this was new structure, this was deemed acceptable because of the arbi-
trary loading used and the boom's acceptable stiffness characteristics.
The wing tip dynamic boom installation is depicted in Figure 180.
Attachment to the wing was through the GII wing tip fuel tank fittings.
Inasmuch as the weight of the boom and its correspon@ing interface loads
were so much less than those of the GII tip tank, only the boom itself
required examination. Design was based on i0 g's acting downward at the
boom center of gravity, and because the casing material was steel, margins
were very high.
No other structural modifications were required for the left wing from a
strength standpoint. However, to provide sonic fatigue protection for the
flaps and the fixed trailing edge, new skins, stiffeners, and flap ribs
were added. To avoid reinforcing the GII flaps and supporting structure
to withstand propeller slipstream loads, propfan testing was restricted to
flaps-up operations.
The static balance boom was installed beneath the right wing tip as shown
in Figure 181. Modification design loads are shown in Figure 182 along
with those which would be required to satisfy CAR-4b loading requirements.
Positive shear is up. The GII tip tank forward and aft attachment fit-
tings were changed from aluminum to steel to ensure safe-life margins in
the absence of multiple load paths. Examination of the margins of safety
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calculated for the structure associated with the boom showed that the
minimum value was 0°34° The most critical component was the torque fit-
ting on the inboard side of the attachment rib.
The outer span of the right wing was affected by the inertial loadings of
the wing tip boom. This is demonstrated in Figure 183 by the types of
conditions which define the load envelope for Wing Station 280. Margins
of safety are shown for the upper and lower covers, including the
doublers, in Figures 184 and 185, respectively. It was the analysis of
the taxi condition which led to the necessity of reducing the static
balance boom weigh_.
The right wing tip boom weight required for lateral balance of the air-
craft after other modifications was almost 1320 kg (2900 ib). Analysis of
taxi loads showed, however, that additional strengthening of the right
wing would be required for this boom weight and the dynamic load criteria
used for GII design. As an alternative, it was decided:
To reduce boom weight to 954 kg (2100 Ib) and tolerate the static
imbalance
To moderate the dynamic load criteria of the GII to more prac-
tical levels for the PTA aircraft
To reduce aircraft gross weight by 340 kg (750 ib) (about 113 kg
(250 ib) below the allowable)
As stated previously, the static imbalance was not an operational problem.
As a verification of the adequacy of the wing structure for taxiing with
these changes, five discrete roughness profiles were generated randomly,
each having a power spectral density matching the most severe level
described by military design specifications for paved airfields. Wing
response time histories for these profiles showed that peak wing loads
never exceeded 70 percent of the GII design limit values.
5.5.1.3 Empennage Strength
The empennage evaluation included the horizontal tail, the vertical fin,
and the pivot point/pitch trim actuator area. The elevator and rudder
surfaces were omitted from the strength analysis because the PTA airspeeds
were less than the GII limit airspeeds, and the changes in aerodynamic
loading on these surfaces due to PTA modifications were insignificant.
PTA horizontal tail maximum loads were less than the GII design limit
loads. These loads are shown relative to the GII loads in Figure 186.
Because of the lateral offset of the airplane center of gravity, the skew-
ing of the airplane principal axes and the effects of the propfan on the
distribution of airloads, the side-to-side distribution factors required
by CAR-4b were not used. Rather, the derived aerodynamic data, along with
the computed maneuver and gust response parameters, were used with no
other arbitrary factors applied. The aforementioned tailoring of the
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maneuver and gust loading requirements assured that no changes to the
horizontal tail structure were necessary.
Figure 187 summarizes the vertical tail evaluation. The side load on the
vertical tail necessary for trimming out the yawing moment inherent to the
asymmetry of the configuration added directly to the vertical tall loading
produced by maneuvering or caused by turbulence; this was especially
significant during propfan operation. The 15.2 mps {50 fps) lateral gust,
with propfan operating, produced loads which exceeded GII design limit
loads, so a 30-percent reduction in gust velocity was required in order to
stay within the limit load capability. Also, during propfan operation,
rudder maneuvering conditions had to be limited to nonabrupt rudder
inputs. Capability did exist, however, for classical steady sideslips and
abrupt control applications immediately following the sudden failure of an
engine. The loads calculated for _aneuvering and engine failure condi-
tions were based on time history response parameters from a solution of
the aircraft equations of motion in six degrees of freedom.
Horizontal tail loads were transferred to the vertical tail through the
pitch-trlm actuator, two pivot lugs (one left and one right), and two
rubbing pads which, along with the lugs, reacted side loads. The loads
for these members were determined for PTA conditions from the horizontal
tail net loads acting at the tip of the vertical tail. Maximum PTA loads
were computed to be approximately 90 percent of the GII design limit
loads.
5.5.1.4 Fuselage Strength
To evaluate the effects of the modified wing loads on the center fuselage,
a center fuselage module was included in the finite element analysis.
This is illustrated in Figure 173. Forward and aft fuselage stiffness
modeling was also included for the purpose of providing the proper
boundary considerations for the center section analysis.
The fuselage was evaluated for the external loads calculated for the
conditions examined for'the wing and empennage. Emphasis was placed on
determining local loadings for fuselage structure most affected by the
propfan installation, or specifically, the wing/fuselage interface.
Evaluations were made by comparing PTA loads to GII design limit loads:
internal loads for the interface areas and external loads for all others.
Interface items were:
o The _rlng-to-fuselage drag shear web (BL 34.0) and the fuselage
bending continuity links (BL 6.0)
o The front spar wing-to-fuselage attachment at FS 345.875
o The aft spar wing-to-fuselage attachment at FS 452.5
o The floor-to-wing pressure posts (20 places)
The internal loads for the drag shear web and links are summarized in
Figure 188. Web shear flows were found to be within the capability of the
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GII web; however, web-to-wing attachment fasteners were changed to allow
for rework provisions. The maximum loads in fuselage/wing links at Butt
Line 6.0, which maintain bending continuity of the fuselage across the
wing intersection and wheel well, were well within allowable values.
The front spar wing-to-fuselage attachment loads are shown in Figure 189.
The PTA loads were within the corresponding GII loads with the exception
of Case 2122; however, analysis of this case using a fitting factor of
1.15 showed the margin of safety to be 1.22. The loads acting at the
similar attachment at the aft spar were less than the GII loads.
The floor-to-wing pressure posts transmitted loads from the floor to the
hard points on the wing upper surface at BL 6.0, BL 19.9, and BL 30.5.
These were designed by cabin pressure, which was unchanged for the PTA
configuration; therefore, additional analysis was unnecessary.
The structural design analysis of the forward section of the GII fuselage
determined that the highest forebody loads occurred for pressurization,
gust, and landing; certain ground handling conditions also affected the
structure in the immediate vicinity of the nose landing gear. The rela-
tionship of the PTA loads to the design loads at Fuselage Station 288 is
shown in Figure 190. The PTA loads were less than the GII design values
because of the landing and turbulence limitations.
Aft of the wing rear spar, the PTA fuselage loads were less than GII
design values because the empennage loads were less, the structure inertia
was unchanged, and the maneuver and gust accelerations were the same or
less. The load envelope comparison made in Figure 191 is typical for the
aftbody.
To provide protection for the fuselage in the event of propeller blade
failure or loss, a steel plate was added to the left side of the fuselage
for the propfan structural integrity portion of the program. Installation
is shown in Figure 192. The plate and its installation were evaluated for
in-flight pressures, in-flight accelerations, and CAR-4b emergency landing
accelerations. Modifications consisted mainly of reinforcing the cap
sections of existing fuselage frames and adding clips and brackets to
transfer loads from the plate support fittings into the fuselage frames
and skin. Structurally, the intent of these particular changes was to
provide strength equivalent to premodlfication values. Modifications
necessary for sonic fatigue kept other reinforcement to a minimum. In
fact, these modifications actually reduced stress values by at least
12 percent. By virtue of being steel, the plate itself was not critical,
but determination of temperature effects due to material dissimilarity was
necessary for fastening design.
With the exceptions of providing support for the protective steel plate
and adding skin reinforcement for sonic fatigue resistance in the vicinity
of the propeller plane of rotation, no strength related changes were
necessary for the fuselage structure.
Bulkheads, floor sections, and support ribs affected by the installation
of personnel seats, test equipment consoles, and the like, were evaluated
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for flight accelerations and CAR-4b emergency landing accelerations, and
some local modifications were made accordingly.
5.5.1.5 Landing Gears and Landing Gear Support Structure
For a given loading condition, the loads for the main and nose landing
gears and their associated back-up structure were increased by the PTA
airframe modifications; however, the differences between the modified
airframe loads and the GII design loads were not of sufficient magnitude
to warrant structural changes. The lateral offset of the aircraft center
of gravity slightly increased the left main gear static reactions. Aside
from landing impact loads, which were reduced substantially by the sink
rate restriction, the critical conditions were jacking, braking, and
turning.
The GII design limit load for jacking was determined by multiplying the
landing gear static reaction at the established jacking gross weight,
28,636 kg (63,000 ib), by an arbitrary jacking factor, 1.33. At a PTA
jacking weight of 29,200 kg (64,200 ib) (maximum gross weight less crew),
the main gear allowable jacking load was exceeded by 2 percent. The arbi-
trary jacking factor was reduced to 1.30 to avoid exceeding the allowable
jacking load. Alternately, the allowable weight could have been reduced
to 28,400 kg (62,500 ib).
In a similar fashion, braking and turning design loads incorporated static
reaction factors in terms of braking coefficient and lateral accelera-
tions, respectively. Prudent taxiing procedures, such as minimizing
ground speed on taxiways, were sufficient for dispositioning the otherwise
slight increase in these loads.
5.5.1.6 Flutter Analysis
The overall program used to verify freedom of the airframe from classical
and whirl flutter is diagrammed in Figure 193. The analytical methods
were validated by successfully predicting the flutter boundaries of a
I/9-scale flutter model of the PTA configuration. These tests are
described in Section 4.2 of this report. Airframe dynamic characteristics
were confirmed with ground vibration tests as described in Section 8 of
this report.
The flutter analysis used the same analytical model that was used for
determining modal characteristics in the dynamic loading studies. Develop-
ment of the model began with the basic GII airframe, and adjustments were
made so that predicted vibration modes agreed with ground vibration test
results. The model was then adapted to the propfan configuration. The
propfan nacelle flexibilities were calculated from a finite element model
and coupled to the airplane by modal synthesis. Unsteady aerodynamic
forces on the wing, aileron, and empennage were calculated by the doublet
lattice method. Propfan aerodynamic forces were calculated from quasi-
steady derivatives developed by Hamilton Standard.
Initial analyses identified a flutter instability caused by classical wing
bending and torsion coupling. This instability was sensitive to the
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propfan propulsion system location (both spanwise and longitudinally),
wing torsional stiffness, and the propfan propulsion system stiffness.
Analysis showed that the instability could be eliminated by: (a) locating
the propfan system as far inboard as possible, (b) increasing the wing
torsional stiffness Just inboard of the propfan nacelle (2.23 mm
(0.09 in.) doubler required), and (c) adding a 136 kg (300 ib) boom to
the left wing tip.
From a criteria standpoint, the minimum airspeed permissible for airframe
flutter occurrence was selected to be L.2 times the structural design dive
speed; additionally, after the failure of a single structural element,
freedom from flutter must exist at all speeds up to the structural design
dive speed. Parameter variations investigated included fuel loadings,
QEC-nacelle stiffnesses, propfan hub stiffnesses, fuselage loadings, and
weight and fore/aft location of the static and dynamic balance booms.
Failures considered included propfan mount failures, propfan gearbox-
powerplant interconnecting structure failure, loss of the static balance
boom, and loss of the dynamic balance boom.
Three fuel loadings were analyzed: O; 4,540 kg (i0,000 ib); and 7,730 kg
(17,000 ib). For the most critical, 4,540 kg (i0,000 Ib), flutter
boundaries are shown in Figure 194. These boundaries were calculated
conservatively assuming no structural damping.
Variations in fuselage loading were found to have a negligible effect on
the flutter boundaries, and no evidence of any instability involving
aileron rotation was detected for any of the conditions analyzed. The
static and dynamic balance booms were designed to possess primary modal
frequencies in excess of 15 Hz to preclude adverse coupling with the basic
wing instability.
Flutter boundaries resulting from a massive multiple failure of the
gearbox and powerplant interconnecting structure are shown in Figure 195.
The failure of any one propfan supporting mount negligibly affected the
flutter stability because of the redundant design of the mounting system.
Addition of the static balance boom lowered the flutter speed of the
right wing. Static boom loss, therefore, improves the overall flutter
stability. Large variations in boom mass did not significantly affect the
airframe flutter characteristics as long as the center of gravity of the
boom assembly was forward of FS 505.
Loss of the dynamic balance boom would result in the boundary presented in
Figure 196. Although these results indicate instabilities within the
flight envelope, less than 2 percent structural damping is required to
raise these boundaries to airspeeds beyond the outer envelope. In any
event, the GII wing tip tank installation was designed to withstand loads
well in excess of those predicted for the dynamic balance boom, so the
probability of occurrence for this failure was low.
Throughout the analyses, no evidence of whirl flutter was found.
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5.5.1.7 Sonic Fatigue Considerations
The following GII structural components were analyzed with regard to their
tolerance of the propfan acoustic environment:
Fuselage skins
Wing-fuselage fairings
Wing leading edge
Wing upper surface trailing edge
Spoilers
Trailing edge flaps
In addition to these components, analysis was also required for the prop-
fan nacelle, wing-nacelle fairings,, and t_e wing upper and lower surface
modifications in the vicinity of the propfan. The nacelle analyses are
described in Sections 5.5.2 and 5.5.3.
The design life criteria which were used for the sonic fatigue analyses
are summarized in Figure 197. For an average 3-hour flight, a propfan
operating time of two hours was assumed. Fatigue damage was assumed =o
accumulate at local resonant frequencies, and these were assumed to be =he
same as the propeller blade passage frequencies. The analysis also
assumed that the structure should be capable of withstanding the highest
operating noise level at the worst location in a particular area.
The procedures used to assess the structure were taken from Reference 15
and based on structural vibratory response in one degree of freedom.
Transient response (tap) tests were made on actual GII aircraft structure
to verify the conservatism of the analysis assumptions and to locate areas
which would be sensitive acoustically. Response spectra were developed
from these tap tests to obtain the resonant characteristics of structure
likely to be damaged by the propfan acoustic environment.
The analysis of the widest skin bay of the flap is illustrated in
Figure 198; this particular example pertains to the analysis performed
after it was determined that reinforcement in this area was necessary.
The sonic fatigue margin of environment for the premodified flap structure
was -19.7 dB; as shown in the figure, the margin is positive for the
reinforced flap. Similar calculations were made for other sensitive
areas. The following minimum environment margins were determined for
unmodified structure:
Fuselage skin (in plane of prop rotation)
Flaps
Wing leading edge (inboard)
Wing/fuselage fairing
Outer wing panel
Wing upper trailing edge
Ground spoiler
Outboard spoiler
- 4.7 dB
-19.7 dB
+ 1.2 dB
- 7.9 dB
+ 0.07 dB
-19.1 dB
-13.3 dB
- 2.1 dB
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AIRFRAME DESIGN SERVICE LIFE 3000 fIRS
(TOTAL - ALL OPERATIONS)
PROPFAN OPERATING TIME 67%
(2 HOURS RUNNING DURING 3 HOURS AVG FLT)
PROPFAN OPERATING TIME COINCIDENT WITH STRUCTURAL 25%
RESONM_CE (RESONANCES AT ANY [ OF 4 RPMs)
PROPFAN OPERATING TIME AT WORST NOISE CONDITION (WITHIN 3 dB) 30%
DESIGN SCATTER FACTORS METALS -- 2; NON-METALS -- 4
DESIGN LIFE - METALS (3000 HRS x .67 x .25 × .30 × 2) 300 HRS
DESIGN LIFE - NON-METALS (3000 HRS x .67 x .25 x .30 x 4) 600 HRS
Figure 197. Airframe Structure Design Life
uPPER SKINS - Z024-[3..OSO INCH
LOWER SKINS - 2024-T3..OSO INCH
RIBS (ExISTI_JG AND ADDED) - ZOZ4-T3..032 INCH
o RESO;,IANTRESPONSE ASSUMED
,.O - 25
o uNIT STRESS %- Ko (-bt)'
b - 2.93 INCH t - .050 INCH
a/b • 2 K - .38 (AVG OF CLAMPED AND
o SUPPORTED EDGES)
- 1305 PSI/PSI
o
,_-_
o OYNAM|C STRESS °RMS " °o O P
MAX FPL - 155 dB AT 23B ltz P = .]63.1 PSI
RMS " 5331 PSIRMS
o _ALLOW " 6000 PSIRMS (ALONG FASTENER ROW)
(6ooo 
o M.E. l 20 LOGIo 3_r_Tj - + I.O dB
RMS
Figure 198. Flap Sonic Fatigue Analysis
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Of the areas having negative margins, the following were reinforced:
o Flaps
o Fuselage shell
o Wing upper trailing edge
A sonic fatigue inspection schedule was established for all acoustically
sensitive components including the spoilers and the wing-to-fuselage
fairing. Inspection intervals were specified as a function of propfan
operating time beginning with intervals of 2, 3, and 5 hours between the
first three inspections; thereafter, the required interval was set to be
twice the previous one. Early detection and repair, if necessary, was
selected as a viable alternative to making additional modifications to the
structure.
5.5.2 Forward Nacelle Structural An,alTsJs
5.5.2.1 Design Loads
Structural requirements for the forward nacelle, or QEC, were established
early to allow sufficient lead time for its detail design and manufacture.
As with the airframe, CAR-4b was used as a guideline for structural design
criteria. Although the configuration was adapted from the Lockheed P3V
powerplant installations, all QEC structure was new except for P3V engine
mounts and P3V "Vee" braces.
The applled loads for nacelle design comprised the most severe loadings
anticipated during flight and ground operations of the testbed aircraft.
The following contributed to QEC design loads:
O
O
O
O
O
O
Propeller loads, including thrust and torque
Gyroscopic moments
Inertia loads
Spinner airloads
Nacelle cowling external airloads
Nacelle internal pressures
Loads were also defined for the compressor inlet duct, the oil cooler duct
and door, handling and transportability hard points, and the various
accessories.
At the outset of design, values of QEC inertial loads were needed for
evaluating the engine mounts of the modified gearbox and for initial
sizing of nacelle-related structural members. Inasmuch as acceleration
response characteristics for maneuver, gust, and ground operations were
yet to be determined, envelopes of inertial loads were developed from
those of similar wing-mounted powerplant installations making allowances
for the PTA environment. The loads shown in Figure 199 were used in lieu
of the more conservative loading requirements of the general engine
specification, MIL-E-8593(ASG). Values slightly exceeding these envelopes
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Figure 199. Inertia Forces for Nacelle Design
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were derived from the subsequent design dynamic gust analysis (15.2 mps
(50 fps)), but later incorporation of these data did not necessitate any
change to the design configuration. (Note: Because of airframe limitation,
the gust intensity for design was subsequently reduced by 30 percent.
Reduced loads were prepared for the nacelle, but not used.)
Based on propeller aerodynamic characteristics, Hamilton Standard speci-
fied propeller loadings due to inflow as a function of power coefficient,
advance ratio, and Math number. Inflow at the propfan plane of rotation
was estimated using the QUADPAN code. Thrust and torque loadings were
determined from the drive system capabilities.
External airloads were based on pressure distributions derived by QUADPAN.
Surface pressure coefficients were determined for variations of Math
number, thrust coefficient, nacelle incidence, and the airplane angles of
attack and sideslip. These coefficient data were defined for points along
the 15 selected strips illustrated in Figure 200; values for other cowling
regions were then obtained by interpolation/extrapolation. For analyzing
a particular condition, airloads were used in two formats: integrated
values of aerodynamic forces and moments for the entire QEC were used for
identifying conditions appearing to be critical to the design; panel
pressures also provided data necessary for the compartmental ventilation
analysis and corresponding internal pressures.
Applied QEC loads were computed for the following ranges of variables:
o Nacelle incidence, -5.0 to +3.0 degrees
o Prop tip speed, 183 to 256 mps (600 to 840 fps)
o Power, 0 to 4,475 kw (6,000 shp)
o Gross weight, 22,000 to 29,800 kg (48,000 to 65,500 ib)
Angles of attack corresponding to load factors of -I.0 to 2.5
with propfan not operating and 0.0 to 2.0 with the propfan
operating, as limited by maximum lift
Sideslip angles, GII overswing yaw with prop not operating and
GII steady sideslip with prop operating
Vertical, horizontal, and unsymmetric gusts, -15.2 to +15.2 mps
(-50 to +50 fps)
Loads for overtorque, or torque surge, were limited to the P3V design
limit value of 1,994 N-m (568,000 in.-Ib). This limiting torque was 1.91
times the torque for 4,475 (6,000 shp) at 183 mps (600 fps) tip speed, and
was only slightly shy of the factor of 2.0 required by CAR-4b.
External loads were determined for 352 conditions in addition to the loads
of Figure 199. These conditions excluded the dynamic loads for landing
impact and gust. The nacelle portion of the airplane dynamic response
analysis model consisted of three interconnected masses: the prop/gearbox
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_Ote;
I_L4.
Outboard Side Shown; Corresponding Inboard RegLon Strip
NumOers Sho_n tn Parentheses.
Figure 200. QUADPAN Paneling for Nacelle Loads
Figure 201. QEC Finite Element Model
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assembly, the engine/torquemeter assembly, and the nacelle structure
(including the aft nacelle). Analysis flexibility coefficients were
derived from a structural finite element model having engine mount and
drive system characteristics included. Specifically examined for dynamic
loadings were landing impacts at 2.3 mps (7.5 fps) and vertical gusts;
wavelengths of the gust forcing functions were varied from I0 to 40 wing
chords to assure coverage of the wing/nacelle fundamental frequencies.
The landing loads were within the limit loads of the initial cases; the
gust analysis, however, yielded an additional 92 cases for internal loads
evaluation.
5.5.2.2 Forward Nacelle Strength Analysis
Nacelle strength design was based on a safety factor of 1.5, a minimum
margin of safety of 0.33 for all new structure, and fail-safe capability
for design limit load. (These criteria were discussed in Section
5.5.1.1.) The minimummargin of safety for failure conditions was zero.
Single failures were assumedfor:
Upper gearbox mount
Outboard gearbox mount
Left vee brace forward attachment
Right vee brace forward attachment
Upper engine mount attachment
Aft upper left interface attachment
Aft lower left interface attachment
Aft upper right interface attachment
Aft lower right interface attachment
Engine-to-gearbox torque shaft housing
Starter duct rupture
Metallic material allowables were taken from MIL-HDBK-SDwhile graphite/
epoxy allowables were derived by Rohr using FAA-approvedprocedures.
Thermal effects were taken into consideration for the GII design climatic
extremes -54 to +71"C (-65" to +I60"F) at sea level and local temperatures
as determined from the nacelle thermal analysis.
Primary components of the QEC nacelle structure were illustrated in
Figure 26. The basic support structure consisted of two connected bulk-
head type frames which supported the main gearbox mounts. The frames were
supported in the axial and vertical directions by two vee braces. The
apexes connected to the machined frames, and the bases to the four aft
nacelle interface points. Side shear was transmitted from the frames to
the aft nacelle attachment points via the composite upper and lower
panels. The removable composite side panels were attached structurally to
increase the nacelle torsional stiffness. For strength analysis, QEC
structural components were represented by the finite element model illus-
trated in Figure 201. The model includes element representations of all
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mounts, cowl panels, frames, and braces. In addition to providing the
internal loads for stress analysis, this model was used co obtain stiff-
ness matrices for flutter analysis, forward nacelle/aft nacelle interface
loads, and engine mount loads.
Minimum margins of safety for nonfailure conditions were found to be
greater than 0.33 for all new elements of the QEC with the exception of
the oil cooler flapper door. Because the analysis was conservative and
the door contributes nothing to the structural integrity of the load
bearing structure, the flapper door margin of safety of +0.13 was deemed
acceptable.
For failure conditions, all margins of safety were positive. The three
lowest values were:
o MS = +0.08, aft engine support frame; Failure (9); torque surge
o MS = +0.33, aft machined frame; Failure (i); torque surge
MS = +0.08, forward lower engine mount support; Failure (i);
torque surge
Three structural subelement strength tests were performed to supplement
the analytical results. These tests were conducted on the upper longeron
aft joint, the lower longeron aft joint, and the side cowl frame; test
results validated the predicted margins of safety.
Structural integrity of the forward nacelle was further substantiated by
the propfan nacelle proof load test described in Section 8.1.1.
5.5.3 Aft Nacelle
5.5.3.1 Design Loads
The aft nacelle structure was illustrated in Figure 34. Design loading
requirements took into consideration the loads at the aft_acelle/forward
nacelle interface, the external aerodynamic pressures, the interior com-
partmental pressures, the inertial loads, and loadings induced at the
nacelle/wing interface.
Aft nacelle structural requirement criteria were the same as those used
for the forward nacelle. Therefore, the forward nacelle conditions which
produced the greatest loads at the QEC interface fittings were flagged for
aft nacelle strength analysis. Twenty-seven cases were thus identified,
excluding the gust conditions of the dynamic response analysis. All 92
dynamic gust cases considered for the QEC were used in the aft nacelle
analysis.
External pressures were determined from she pressure coefficients computed
by QUADPAN. Dependent variables were Math number, airspeed, propfan
thrust, airplane angle of attack, and angle of sideslip. Pressures for a
representative operating condition are shown in Figure 202.
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Internal pressures were determined
ventilation flow characteristics.
Figure 203.
from an
Structural
analysis of the compartment
design values are shown in
The net pressure forces acting on each nacelle panel were summed for each
operating condition. This was done for the entire aft nacelle, including
the large upper access door, and also for the access door alone. A survey
of 106 flight conditions for maximum pressure loads produced 15 poten-
tially critical strength cases. These were in addition to the cases
identified with the forward nacelle interface.
In all, there were 134 sets of aft nacelle panel loads. Component strength
was established for these loads acting together with the corresponding
interface loads.
5.5.3.2 Aft Nacelle Strength Analysis
Aft nacelle design strength criteria were the same as the criteria used
for the forward nacelle. Attention was given to fail-safety by:
O Using multi-element design for all major frames, longerons, and
supporting substructures
Providing strength capability to withstand design limit load with
any one of the QEC interface fittings failed
The finite element model used to generate internal loads for the aft
nacelle and left wing interface structure is illustrated in Figure 204.
Not shown, but included in the analysis, is the QEC stiffness matrix which
supplied necessary boundary conditions. The aft nacelle interface module
included the new rLb at WS 185, the reinforcement of the WS 145 rib, front
and rear beam reinforcements, and portions of the wing doublers. The wing
inboard module included surface doublers and front beam reinforcement.
The maximum and minimum QEC-to-aft nacelle interface loads are listed in
Figure 205. The predominant conditions were dynamic gust, unsymmetric
gust, landing impact, and torque surge. The first digit of the 4-digit
case numbers in Figure 205 indicates QEC tilt position (i is 3 degrees up;
2 is 5 degrees down). The second digit indicates the condition being
represented (0 or 1 is used for a basic QEC condition; 2 denotes an aft
nacelle pressure condition; 3 is used for dynamic gust analysis cases; and
4 to 7 indicate fail-safe cases). The remaining two digits are sequential
subcase numbers for a given condition.
Critical wing/aft nacelle interface loads along the wing surface at WS 145
and WS 185 were obtained from the finite element analysis. Wing spar
reactions at WS 145 were generally greater than those at WS 185 because
the wing sweep angle placed the WS 145 reaction point closer to the
nacelle center of gravity.
Internal loads were also determined for the nacelle frames and the upper
and lower longerons. Stiffness requirements were instrumental in the
design of the canted QEC-to-aft nacelle interface frame.
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RIGHT WiNG
MODEL RIGID BODY SUPPORTS
POINT FIXED iN X.Y.Z
_1#- POINT FIXED iN Y,Z
Figure 204. Aft Nacelle Finite Element Model
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Figure 205. QEC/AZt Nacelle Interface Loads
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Critical side panel shear stresses for the inboard side of the nacelle are
shown in Figures 206 and 207 for various load conditions. Outboard side
skin stresses were less.
Unlike the graphite-epoxy and aluminum structure of the forward nacelle,
the aft nacelle was made primarily of stainless steel and aluminum as
shown in Figure 208. These materials were compatible with the operating
temperatures estimated by the ventilation flow analysis. This analysis
was summarized in Section 3.3.6.7, and design operating temperatures are
shown in Figure 209.
Aft nacelle minimum margins of safety are identified in Figure 210.
Margins denoted as "high" were greater than +1.0. These margins indicate
strength conservatism in some areas because of requirements for stiffness
and sonic fatigue resistance.
5._.4 Nacelle Sonic Fatigue
Sonic fatigue design life criteria for the nacelle were:
o
o
o
QEC cowling; 600 hours
Aft nacelle cowling; 300 hours
Inlet and exhaust components; 8000 hours
Design provisions were made for the following acoustic environments:
o
o
o
o
QEC cowling; 154 dB top and 143 dB sides
Aft nacelle cowling; 150 dB top and 138 dB sides
Inlet; 114 dB at 250 Hz and 145 dB at 3150 Hz
Exhaust; 129 dB at 250 Hz and 132 dB at 500 Hz
Sonic fatigue substantiation for the QEC inlet is described in Figure 211.
Substantiation of the QEC upper and side cowling panels is made in Figures
212 and 213, respectively. Panels were also subjected to random fatigue
shaker tests; these are described in Figures 214 and 215.
The predicted life of each aft nacelle component was shown analytically to
exceed its design sonic fatigue life. Resonance response was assumed to
occur in skin panels because their natural frequencies coincided with
blade passage frequencies; response characteristics of a typical skin
panel are shown in Figure 216. An analysis example is given in Figure 217;
the allowable stress in this example included the effects of a 6 ksi shear
stress, conservatively assumed to be in the direction of the maximum
dynamic stress. Aft nacelle acoustic environmental margins are listed in
Figure 218. These margins are the design pressure level increases which
could be tolerated without causing the predicted life to fall short of the
sonic fatigue design life.
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Figure 208. Aft Nacelie Materials and Fasteners
ALUMINUM SKIN AND FRA_!ES
STEEL STRUCTURE
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ZONE 1 AIR
ZONE 3 AIR
°C (°F)
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260 (500)
165 (330)
538 (I000)
93 (200)
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93 (200)
Figure 209. Aft Nacelle Maximum Operating Temperatures
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Figure 210. Summary of Aft Nacelle Safety Margins
0 STRUCTURAL CONFIGURATION: o 2 PLY GRAPIIITE/EPOXY FACE SIIEETS, 0.028 IN. TIIICK
o SYNTACTIC CORE, 0.04 IN. DEEP
o CRITICAL AREA - 14 IN. flY 24 IN. FLAT SECTION
DESIGN SUBSTANTIATION:
o SONIC FATIGUE TESTS ON SYNTACTIC CORE SANDWICII PANELS PERFORMED BY LOC_IEEO BURBANK -
NAL)C CONTRACT. REF. RADC-7BI69-60 FEBRUARY 1982.
PANELS TESTED AT I67 dD OVERALL SOUND PRESSURE LEVEL (SPECTRUM LEVEL = [40)
RESULTING FATIGUE LIFE " 3 TO 6 MILLION CYCLES
o COMPARE ESTIMATED RESPONSE LEVELS OF LOC_IEED PANEL & PTA INLET PANEL. FOR A GIVEN
ACOUSTIC LOAD, TO ACCOUNT FOR CONFIGURATION DIFFERENCES. EXTRAPOLATION BASED ON
ALUMINUM IIONEYCOMB DESIGN METIIOD - REF. AFFDL-TR-74-42.
- PTA INLET PANEL STRESS - 2.4 TIMES LOC_IEED PANEL FOR SAME ACOUSTIC LOAO.
LOCKIIEED PANELS TESTED AT ACOUSTIC SPECTRUM LEVEL 37 dO IIIGIIER TI_N MAXI_IM INLET
SPECTRUM LEVEL. 37 dD - x 72 STRESS FACTOR.
STRESS RATIO TO INCREASE RANDOM FATIGUE LIFE FROM 3xI06 CYCLES TO ENDURANCE LEVEL - x 0.8.
COMBINED STRESS FACTOR FOR CONFIGURATION DIFFERENCES AND FATIGUE LIFE REQUIREMENT = 3.0.
STRESS RATIO OF 3.0 EQUIVALENT TO TO dO.
DESIGN EXCEEDS 8000 flOUR DESIGN LIFE REQUIREMENT, WITII 27 dB MARGIN.]
RANDOM FATIGUE SINKER TESTS TO SUBSTANTIATE INLET PANEL MATERIALS.
Figure 211. Sonic Fatigue Substantiation of Inlet
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0 STRUCTURAL CONFIGURATION: o 3 PLY GRAPIIITE/EPOXY FACE SIIEETS, Q.042 IN. TUICX
o NOP,E% IIONEYCDND CORE, 112 IN. TIIICX, 1/8 IN. CELL SIZE
o PANEL SIZE - 44 IN. BY 63 IN., 21 IN PADIUS
0 DESIGN SUBSTANTIATION:
o SONIC FATIGUE TESTS PERFORMED BY ROIIR ON FLAT IIONEYCOMB SANDWICII PANELS WITII GRAPIIITE
FACE SIIEETS. (ROIIR REPORT RIIR 8%-015)
- PANELS TESTED AT %85 dO FOR S MILLION CYCLES WITIIOUT FAILURE, PLUS ]0 MILLION CYCLES
AT 166 dO, ONE-OCTAVE BAND WIDTII, WITIIOUT FAILURE; EQUIVALENT TO 172 dO OVERALL
SOUND PRESSURE LEVEL.
- MAXIMUM TEST ACOUSTIC SPECTRUH LEVEL = 147 dD/llZ (PANDOH)
o COMPARE ESTIMATED RESPONSE LEVELS OF ROIIR TEST PANELS AND PTA COWL PANEL. FOR A GIVEN
ACOUSTIC LOAD, TO ACCOUNT FOR CONFIGURATION DIFFERENCES. INC. CURVATURE.EXTRAPOLATION
BASED ON AFFOL-TR-74-IS6 (AND ROIIR TEST PANEL DATA) AND AFFOL-TR-80-3019 (REVISED
VERSION - IN PREPARATION)
PTA COWL PANEL STRESS • 0. I6 TINES ROIIR TEST PANEL FOR SANE ACOUSTIC LOAD.
EQUIVALENT TO I6 dO INCREASED ACOUSTIC LOAD CAPAQILITY.
o MAXiNUH PTA COWL PANEL ACOUSTIC SPECTRUM LEVEL IS 6 dO ilIGUER TMAN ROIIR TEST LEVEL.
o DESIGN EXCEEDS 600 IIQUR DESIGN LIFE REQUIREMENT W[TII lO dB MARGIN.J
o NO TEST SUOSTANT[ATIQN REQUIRED.
Figure 212. Sonic Fatigue Substantiac_on of Upper Cowling Panels
O STRUCTURAL CONFIGURATION: o S PLY GRAPIIITE/EPOXY SKINS, 0.070 IN. TIIICK
o STIFFENERS SPACED AT 7 IN.
o LENGTII OF FLAT PANEL PORTION--'--_ 34 IN.
DESIGN SUDSTANTIATIDN:
o SONIC FATIGUE DESIGN NETIIOD FOR GRAPIIITE/EPOXY STIFFENED - SKIN PANELS (REFERENCE *).
o CALCULATED OVERALL RMS STRAIN FOR OVERALL SOUND PRESSURE LEVEL OF 148 dB = 78 _6 .
o RANDOM FATIGUE ENDURANCE LEVEL (REFERENCE ") = 440 L_ _ .
o DESIGN EXCEEDS DESIGN LIFE REQUIREMENT OF 600 IIOURS WITII 15 d8 MARGIN.
o RANDOM FATIGUE SINKER TESTS TO SUOSTANIIATE MATERIAL & PROCESS DIFFERENCES FROM
DESIGN ANALYSIS REFERENCE'.
• REFERENCE: "SONIC FATIGUE DESIGN TECIINIQUES FOR ADVANCED COMPOSITE AIRCRAFT STRUCTURES',
I. IIOLEIIOUSE, UNIVERSITY OF SOUTIIAMPTQN Ph.D. TIIESIS, 1983.
Figure 213. Sonic Fatigue Substantiation of Slde Cowling Panels
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INLET PANELS A SIDE COWLING PANELS
- SUBSTANTIATION OF MATERIAL & PROCESS DIFFERENCES BETWEEN PTA STRUCTURES AND EHPIRICAL DATA
BASIS OF ANALYTICAL HETIIODS USED.
TEST DESCRIPTION (SAME FOR INLET & COWL PANELS)
o CUT 12 (TWELVE) 9 IN. X 3 IN. SPECIMENS FROM 36 IN. X 9 IN. PANEL OF EACII STRUCTURE.
- WITII STIFFENERS ALONG TIIE CENTERLINE, TRANSVERSE TO TIIE 9 IN. DIRECTION
o INSTALL 10 STRAIN GAUGES AND 2 ACCELEROMEIERS ON ONE SPECIMEN OF EACll TYPE.
- 4 STRAIN GAUGES ON EACII OF REMAINING 22 SPECIMENS
o MOUNT ON SI_Ir,ER TABLE - AS SJ|OWN IN THE :[GURE BELOW.
o TEST SEQUENCE:
]. S]HE SWEEP TO DETERMINE FUNDAMENIAL IN-PI_SE RESONANCE.
2. AI'IAC]I BALANCE WEIGIITS TO ENSURE SYMAiETRIC RESPONSE.
3. ENDURANCE TESTS WITII 1/3 OCTAVE EXCITATION, CENTERED AROUND RESONANT FREQUENCY (GAUSSIAN).
- INCREMENTAL LOADING TO PRODUCE OVERALL RMS RESPONSE STIb%INS 0F 400, 6DO, 8OO and
1000 MICRO-STRAIN.
- TEST FOR ]0/ CYCLES AND PROCEED TO NEXT LOAD LEVEL. IF NO FAILURE OCCURS.
4. STRAIN GAUGE AND ACCELERQMETER OUTPUTS RECORDED ON HAGI_ETIC TAPE.
5. GENERATE FREQUENCY SPECTRA AND PEAK LEVELS.
o PLOT RANDOM FATIGUE CURVES rISING BOTII RHS AND PEAK VALUES.
o COMPARE RESULTS WITli ANALYSIS DATA BASE.
Figure 214. Random Fatigue Shaker Testing
SPECIMEN _-- 22.9 CM (9.0 IN,) _i _I
/ /
.---,J-_ . "." _--- //ACCEIER     TER:
EXC1TATION
1/3 OCTAVE GAUSSIAN
Figure 215. Test Specimen and Instrumentation
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5.6 SAFETY ANALYSES
Product and system safety was
of the PTA testbed aircraft
included:
"life-cycle" from the proposal to delivery
to NASA-LeRC. System safety functions
o
o
o
o
o
Establishing safety criteria
Identifying program safety hazards
Assessing safety risks
Recommending cost-effective courses of action
Tracking results
5.6.1 Failure Modes and Effects Analysis
The failure mode, effects, and criticality analysis (FMECA) is one of
three key reliability tasks' which contributed to the achievement of PTA
program objectives, namely: FMECA on PTA-unique and GII modified items;
use of a closed-loop failure reporting) analysis, and corrective action
system (FRACAS); and qualitative establishment of reliability through
analysis and testing. The FRACAS and reliability tracking were incorpo-
rated into the PTA Program by adopting a company procedure which is used
to collect information, analyze, and report on failures occurring during
PTA testing. The testing program was designed, in part, to acquire
experience to evaluate the reliability in areas where risks were identi-
fied.
A single FMECA analysis was conducted for both the aircraft design modi-
fications and the propfan propulsion system. The analysis included a
systematic evaluation of possible failures on a case-by-case basis, the
ways that an item can fail, the causes for each failure mode, the effects
of each failure, and the criticality of each effect on system safety and
program objectives. The primary objective of the PTA FMECA was to iden-
tify the critical single point failure areas associated with the propfan
propulsion system and aircraft modification designs. The FMECA includes:
o
o
o
o
o
o
Part description
Failure modes and causes
Failure detection
Failure effect on system
Failure criticality
Pertinent remarks
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The criticality definitions used for the PTA Program were as follows:
Property
Category Personnel And/Or System
I (Catastrophic) Death System Loss
Flight Test
Program Objectives
Jeopardize Achievement
II (Critical) Severe Major Damage
lnjury
Major Schedule Delay
111 (Marginal) Minor Minor Damage Minor Delay
Injury
IV (Minor) None None Unscheduled Maintenance
or Repair
Of a total of 370 failure modes that were postulated, 8 were Category I
failures and 23 were Category 11 failures. Six of the Category I failures
resulted from instant decoupling of the propfan from the power turbine at
high rpm/power. The turbine was assumed to overspeed to failure, with the
fourth stage airfoils failing at 178% rpm, although predictions indicate
that the governor system could cut off fuel in time to prevent overspeed
to failure. The PTA nacelle containment ring would contain all failures
except a one-third disc at well above the maximum governed rpm. Two
Category I failures involved loss/separation of the propfan resulting from
the loss of propfan blade, although the blade construction was such that
only a portion of a blade would probably be lost in any operational
incident.
5.6.2 Safer 7 Analysis
System safety was integrated into the management, design, review, and test
tasks of the program. Real-time safety input allowed for determination of
optimized courses of action, which led to an accident-free program. The
safety analysis was documented in three contractual reports (References 16
through 18).
In addition, non-hazard assessments were conducted for:
o
o
o
o
Flight test formation flying requirements
Fuselage shield requirements
Cockpit/radlo functional switches
Emergency egress requirements
Of the 556 potential safety hazards identified, all were closed with a
"medium" or lower risk level, using the severity-versus-probability risk
assessment matrix shown in Figure 219 as a guide. Overall program safety
risk was evaluated as "medium-low." A sample of a computerized safety
tracking log which facilitated real-time review of status for each hazard
is shown in Appendix E.
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A System Safety Integration Group (SSIG), chaired by Lockheed, provided
for integration of all safety-related data for all sources into the
program Hazard Analysis series of reports. Systems safety specialists
assisted in preparation for, and participated in, all preliminary and
detail design reviews, test readiness reviews, yearly reviews, and NASA
and Lockheed reviews prior to first flight.
Product and System Safety personnel participated in each PTA test flight,
including pre- and post-flight briefings. Flight test failure events were
investigated, coordinated, and reported by Product and System Safety
personnel. All such events were categorized as "NASA Incident" damage or
lower.
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6.0 PROPFAN PROPULSION SYSTEM STATIC TEST
The Propfan Propulsion System Static Tests are described in detail in
Reference 21. Highlights from these tests are presented herein.
6.1 TEST OBJECTIVES
The goals of the propfan propulsion system static test were to qualify and
obtain baseline data for the propulsion system, including its related
subsystems, under static conditions prior to the start of the Propfan Test
Assessment (PTA) flight test program. In order to fulfill these goals,
the specific objectives of the propulsion system static test program were
to:
o
o
o
o
o
o
o
o
o
Functionally check out the propfan propulsion system
Substantiate the structural integrity of the propfan
Verify safe and stable operation of the propfan propulsion system
Functionally check out operational and research instrumentation
Define propfan and drive system static noise characteristics
Obtain drive system baseline vibration data
Verify drive system sea level performance
Evaluate modified propfan blade seal
Verify system endurance capability at static conditions by c_1-
pleting simulated flight cycles
6.2 TEST HARDWARE AND FACILITY DESCRIPTION
6.2.1 Test Assembly
The test assembly (Figure 220) consisted of the Hamilton Standard SR-TL
propfan, the Allison Model 501-M78B drive system, the Rohr quick engine
change (QEC) nacelle, and related subsystems. The aft nacelle was not
installed for the static tests.
The acoustically treated engine tailpipe was designed to be installed into
and mated with the attachment fittings in the aft nacelle, but since the
aft nacelle was not used during static test, the taiipipe was attached
directly to the test stand. The tailpipe was designed to provide for
15 dB exhaust system noise suppression throughout the engine combustor
frequency spectrum.
6.2.2 Control System
The propulsion system functions for the static test were controlled and
monitored at the same control console and instrument panel (Figure 21)
that would later be used in the aircraft flight station.
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The control console contained the switches and levers for engine starting
and normal shutdown, emergency shutdown, engine power, prop speed, and
prop feather and unfeather. The results of the actions taken on the
control console were displayed as performance or engine health parameters
on the instrument panel.
Power, which is a function of power turbine (prop) speed (Np) and torque,
was controlled by both the prop speed control lever and the power control
lever and monitored on the Np and torque indicators.
6.2.3 Test Limits
6.2.3.1 Engine Limits
During the static test, the engine was operated within the limits spec-
ified in the Allison 501-M78B Model Specification. These limits are
summarized in the following table:
501-M78B ENGINE MAXIMUM LIMITS
Maximum Continuous Transient
Speed, rpm (%)
Gas Generator 14,300 (i00) 14,700 (102.8)
Power Turbine 12,075 (105) 12,535 (109)
Gearbox 1,777 (105) 1,844 (109)
Temperature, °C (°F)
Compressor Inlet
Power Turbine Inlet (Starting)
Power Turbine Inlet (Operating)
39 (103) 39 (103)
677 (1250) 677 (1250)
808 (1486) 846 (1555)
Torque, N-m (ft-lb) 4,972 (3667) 4,972 (3667)
Vibration, cm/sec (in./sec)
[5-40 Hertz
150-250 Hertz
2.54 (1.00) 3.81 (1.5)
1.91 (0.75) 3.05 ([.2)
Power, kw (shp) 3,729 (5000) 4,474 (6000)
Oil Inlet Temperature, "C ('F)
Above Flight Idle
Flight Idle or Below
(30 Minute Limit)
85 (185) I00 (212)
i00 (212)
In addition to the above limits, an effort was made to avoid operation
below 475 N-m (350 ft-lb) torque, which was the approximate torque load
required to prevent the reduction gearbox main drive gear roller bearing
from skidding. Low power turbine speed running (below approximately
50-percent Np) was also avoided, since that condition could have resulted
in lower than recommended gearbox oil pressures.
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6.2.3.2 Propfan Limits
Due to stall buffet conditions discovered in LAP static rotor testing at
Wright-Patterson AFB, during endurance tests, propulsion system
limitations were established as shown in Figure 221. The operating
envelope high-and-low torque limits at any rotational speed are
established by the onset of buffet and the occurence of low pressure stall
respectively.
6.2.3.3 Temperature Limits
During static testing, thermocouples were applied to the engine surfaces
and QEC nacelle structure to monitor surface and ambient temperatures and
insure that limits were not exceeded. The maximum allowable air tempera-
ture surrounding the engine forward of the vertical firewall was 121°C
(250"F) while the engine was running and 135"C (275"F) while the engine
was not operating. Aft of the vertical firewall, the limit was 371"C
(700"F) whether the engine was operating or not. The limit temperatures
for components are shown below:
LIMITING COMPONENT SURFACE TEMPERATURES_ "C ('F)
Component
Hydromechanical Fuel Control -55 (-67) 120 (248)
Fuel Pump -54 (-67) 121 (250)
Electronic Engine Control -55 (-67) 125 (257)
Ignition Exciters -54 (-67) 121 (250)
Prop Speed Control Actuator -54 (-67) 121 (250)
Minimum Maximum
6.3 TEST FACILITY
The test site facility, as shown in Figure 222, consisted of a 30,350 m 2
(7-I/2 acre) fenced area situated within a 42,500 m 2 (10.5 acre) plot
located at Brown Field Airport in Chula Vista, California. The prevailing
wind conditions (speed and direction), mild temperatures, and near sea
level elevation of the site provided a high percentage of run windows with
minimal data corrections. The test site was located in an area that was
virtually flat with no obstructions for at least 1.6 km (i mile) in any
direction, thus making the site ideally suited for acquiring engine noise
data.
Test stand operation was controlled and monitored from a soundproof
control building equipped with an engine control station. The control
room was environmentally conditioned to provide temperature and humidity
stability for instrumentation systems, thus ensuring satisfactory data
accuracies and instrument reliability.
The PTA propulsion system was mounted on the B-60 test stand which pro-
vided an overhead structure mounting arrangement as shown in Figure 223.
The single component thrust system measured operating performance of
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aircraft turbine engines rated up to and including 267 kN (60,000 ib)
thrust. The thrust bed was designed to provide systems accuracies of
• 0. I percent of the rated capacity of the installed thrust load measure-
men= string over the temperature range of 21"C ±17"C (70"F ±30"F).
Acoustic data were gathered in a smooth concrete sound measurement field
on and to the right of the propfan propulsion system centerline as shown
Figure 224. The field was defined by a 180-degree arc of 45.3m (150 ft)
radius about the microphone reference point. This reference point was a
defined location on the ground below the engine centerline approximately
2.74m (9 ft) aft of the propfan disc.
Some of the acoustic data
alongside the propulsion
noise from propfan noise.
226.
were obtained with an acoustic barrier erected
system in order to separate propulsion system
Barrier positions are shown in Figures 225 and
Microphones were positioned at 19 locations in the far field and 7 loca-
tions in the near field. Figure 224 defines the locations according to
azimuth angle and distance from the microphone reference point.
All 7 near-field and 18 of the far-field microphones (Number 19 was
removed) were in place during acoustic testing without the acoustic
barrier. During testing with the acoustic barrier in position, the near-
field microphones and poles were removed. When the barrier was placed in
the forward position, the microphones at 70 degrees through Ii0 degrees
sensed discharge noise while propfan noise was partially blocked. With
the barrier in the aft position, the microphones at 100 degrees through
130 degrees sensed propfan noise while discharge noise was partially
blocked.
6.4 INSTRUMENTATION
6.4.1 Propfan
Transducers installed on the propfan included strain gages to measure
vibratory strain in the blade structure, pressure transducers to measure
the actuator high and low pitch pressures, a potentiometer to measure the
blade pitch angle, and a IP sensor for measuring the propfan rotational
speed. A flow switch was also located in the stationary propfan pitch
control to warn if a hydraulic pump failure occurred.
The instrumentation system allowed for up to I0 strain gages to be
installed on each blade, though a maximum of 30 gages were active at any
one time. Sixteen active gages could be selected from Blades I through 4,
and an additional 16 could be selected from Blades 5 through 8. Selection
of the desired combination of strain gages was accomplished using eight
programmable connectors mounted on the propfan hub. Programming of the
connectors required Jumper wires to connect the sockets of patch boards in
the connectors. The gage locations are shown in Figure 227, and the
active gages are indicated. The inactive gages were positioned to be used
as backups in the event of primary gage failure. The strain gage pairs on
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the blade shanks and vee shear pairs on the blade aerodynamic surfaces
were wired to act as one gage.
Data from the propfan instrumentation was recorded on a 14-track IRIG
tape recorder. Real time monitoring of data was accomplished using two,
4-channel oscilloscopes and a spectrum analyzer. The oscilloscope
provided a time domain display of eight channels simultaneously. The
spectrum analyzer provided a frequency domain display of one channel at a
time.
6.4.2 Drive System and Nacelle
The data parameters measured on the drive system during static testing
were divided into two groups: operational and research instrumentation.
Operational instrumentation parameters were those which related directly
to drive system health or were required by the engine operator to set
a specific test point. Research instrumentation consisted of those
parameters which were used for eventual processing and analysis of test
results.
6.4.3 Acoustics
The principal elements of the acoustic test instrumentation Were the
microphones, the amplifiers, and the tape recorder. The 26 microphones,
located at the angles and positions illustrated in Figure 224, were
1.27 cm (I/2 in.) diameter condenser microphones with companion preampli-
fiers. The microphone signals were routed into 26 acoustic amplifiers
having selectable fixed-gain settings covering a 60 dB range. The condi-
tioned signals were then routed to a 28-track FM tape recorder.
The propfan speed/phase signal (IP) was also recorded on the acoustic data
tape.
6.4.4 Ambient Conditions and Facility Data
The Brown Field Test Facility had the capability of measuring ambient
conditions, such as ambient pressure and temperature, relative humidity,
and wind speed and direction, as well as some engine performance
parameters such as gross thrust, fuel flow, fuel inlet temperature, and
specific gravity.
The measurement of gross thrust was accomplished by a dual bridge strain
gage type load cell located on the thrust bed of the engine.
6.5 TEST PROCEDURES AND RESULTS
During static testing at Rohr, the propfan propulsion system was operated
for over 50 hours in 45 test runs. The first 27 runs were primarily
devoted to propfan balancing, checkout, and demonstration. The next
17 runs were primarily endurance and acoustics runs, and a reverse thrust
test was completed on the last run.
281
 zoc t  al
The choice of test points for the static test was constrained by operating
limitations of the propfan, the gas turbine engine, and the reduction
gearbox. The operating envelope for the endurance test phase is illus-
trated in Figure 228. The lower limit of the operating envelope is
determined by a minimum 475 N-m (350 ft-lb) engine torque to prevent
skidding of the reduction gearbox main drive bearing. A minimum power
turbine/propfan rpm of 53 percent of deslgn speed was required to provide
sufficient oli flow to the reduction gear surfaces for continuous opera-
tion. A maximum power turbine/propfan speed of 105 percent was determined
by the propfan governing range. The power turbine/propfan lO0-percent
speed is defined as 11,500 power turbine rpm, or 1692 propfan rpm. The
upper boundary of the operating envelope was based on blade vibratory
stress restrictions determined during the propfan stress survey.
6.5.1 Functional Checkout
The engine dry motor ,functional check was conducted by following the
normal engine start procedure except that the test stand fuel valve
remained closed and the fuel pump remained off. The wet motor was per-
formed with the fuel supply on, but the circuit breaker to the engine
ignitors was pulled. The engine was then started and run at idle to check
the engine/propfan compatibility.
The engine air turbine starter performed satisfactorily, with recorded
start times in the 15- to 25-second range. These start times compare
favorably with the estimated time of 20 seconds for a 21°C (70°F) day. No
hot starts (transient MGT exceeding limit) or "hung" starts (failure to
accelerate to idle) were encountered during the static test phase. The
engine progressed through its pre-fire acceleration, ignition, and post-
light acceleration events to idle as predicted.
Five different shutdown checks were performed.
Normal shutdown (run/stop switch)
Manual fuel shutdown
Simulated engine overspeed shutdown
Loss of electrical power shutdown
Fire handle shutdown
All were satisfactory.
6.5.2 Propfan Balancing
Dynamic balancing of the propfan and specialized rotating instrumentation
were required to attain acceptable vibration levels over the entire
operating speed range. Balancing was conducted using data collected from
the gearbox horizontal (V5) and vertical (V I) accelerometers. Data from
accelerometers located on the gas turbine were also recorded during bal-
ancing procedure. The unfiltered signals from the gearbox accelerometers
were analyzed by a trim balancer, which determined the IP amplitude and
phase of the vibratory response. Vibration data were collected at
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55 percent, 75 percent, 81 percent, 88 percent, and 94 percent speed
for the base propfan, and with a trial weight of 74 grams added to the
forward balance ring at a radius of 20.87 ¢m (8.125 in.). The change in
IP amplitude and phase angle caused by the trial weight were noted for
each rotational speed. The mass and orientation of the weight required to
balance the propfan was determined using a single plane balancing calcula-
tion.
Balancing of the propfan was accomplished by the addition of 147 grams to
the forward balance ring at a 20.87 cm (8.125 in.) blade radius. Once
balancing was accomplished, vibration levels were independent of blade
angle for a constant rpm. No additional balancing of the propfan was
required throughout the duration of static tests. Replacement of compo-
nents on the rotating portion of the propfan and changing the low pitch
stop setting did not adversely affect the balance.
6.5.3 .Low Power Governln_ Check
The low power governing test consisted of selecting set point speeds of
75 percent, 87.5 percent, I00 percent, and 105 percent on the propfan
speed control lever, then slowly increasing power until the propfan began
to govern. Governing was indicated by the blade pitch angle lifting off
the low pitch stop and rpm remaining constant with increasing power• The
low pitch stop was set at 20 degrees for these runs. If governing did not
commence at the set point speed, the control speed trim adjustment on the
propfan was employed to fix the governing speed at the correct value•
Speed trim adjustment continued until the desired governing range of
75 percent to 105 percent of the design speed was achieved.
During the low power governing check, the preload of the servo governor
speeder spring was altered using the speed trim adjustment to achieve the
desired governing range of 75 percent to 105 percent of the propfan design
speed. Three engine runs were required to adjust the servo governor to
obtain this range. These tests verified that the desired governing range
could be attained with the available travel on the propfan speed control
input lever.
6.5.4 Stress Survey
The stress survey was conducted with the blade angle set by the low pitch
stop and also with the propfan operating in a governing mode. Low pitch
stop settings of 20 degrees and 35 degrees were employed during the stress
survey. Below the minimum governing speed, the propfan operated on the
low pitch stop setting. The 35-degree setting permitted high power test
points to be run at rotational speeds below the minimum governing rpm.
Testing on the low pitch stop was accomplished by setting the propfan
speed control lever to 105 percent so that rotational speed was controlled
by the application of engine power. During the governing portion of the
stress survey, rotational speed was controlled with the propfan speed
control lever, and power was controlled with the engine power lever. The
blade angle was greater than the low pitch stop position during governing.
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From the stress survey, 32 key conditions were selected for data analysis
in terms of vibratory mean and infrequently repeating peak (IRP) strain.
The meanvibratory strain is the average peak amplitude of a sample of
strain gage data, while the IRP vibratory strain is a statistical value
representing the mean strain plus two standard deviations of the data
sample. The IRP vibratory strain is used to define the boundaries of the
blade continuous operating envelope. Figure 229 shows the test conditions
selected for analysis.
The SR-TL exhibited high blade tip vibratory response that limited torque
at constant speed conditions as shown in Figure 230. For constant speed
operation, the blade strain was relatively low until a critical torque
condition was attained and the blade strain increased rapidly with
increases in torque as occurred during earlier static tests of the LAP
Program. The only difference between the PTA test results and the LAP
test results was that higher torque could be absorbed at a given strain
level as seen in Figure 230.
The relationship between strain and torque becomes apparent when blade
angle is introduced as the key variable. Figure 231 shows that torque
increased with increasing blade angle and that the rate of torque increase
with blade angle changed in the 25- to 30-degree range. Also included in
Figure 231 is a comparison of measured torque and blade angle for the LAP
and PTA tests. In all cases higher torque was measured during PTA tests
than during LAP tests for a given blade angle. The higher blade angles
required during LAP tests account for the increased blade strain noted in
Figure 230.
Using blade angle as the key parameter affecting blade strain, the data in
Figure 230 and 231 is replotted versus blade angle in Figure 232. The
strain increased rapidly when the blade angle was increased above 25
degrees for all torques and rotational speeds plotted. This relationship
with blade angle was also found during LAP tests. One factor that Figure
232 does not show is that a relationship existed between blade strain and
rotational speed. For low rotational speeds, below 59-percent Np (1000
rpm), the blade vibratory tip strain was low.
At the 34.2-degree low pitch stop blade angle, the blade strain increased
from a low level at low rotational speed to high levels at 83-percent Np
(1407 rpm) that prevented further increases in rotational speed. Increas-
ing rotational speed at a constant blade angle had two effects that
altered blade response. One was an increase in aerodynamic loads due to
increased dynamic pressure and the second was a decrease in the local
section reduced frequency. Both of these factors adversely affected blade
re sports e •
Figure 233 shows the relationship between rotational speed and blade
strain at a high blade angle and the distribution of strain along the
blade radius. Although the blade angle measurement system indicated the
low pitch stop blade angle to be 34.2 degrees, the system had approx-
imately a ±2-degree error. The low pitch stop was set at 35 degrees blade
angle.
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As stated previously, the blade vibratory response was dominated by
activity on the tip bending gage as shown in Figure 233. The reason for
the high tip bending response is evident from the examination of the
frequency content of the strain gage signals. Spectral analysis of
Gage 13 at 1407 rpm and 34.2 degrees blade angle shows that the primary
blade response was at 95 Hz which corresponds to the second flatwise blade
vibratory mode. The blade response was characterized during LAP static
rotor tests as buffeting response, dominated by the second flatwise mode.
However, substantial response existed at frequencies other than 95 Hz as
shown in Figure 234.
To establish the blade natural frequencies and response frequencies,
spectral analyses were performed on 18 test conditions. The blade natural
frequencies compared very well with the measured frequencies from the LAP
static rotor tests. The pre-test predictions were in good agreement for
the flatwise modes. The edgewise mode was higher than predicted because
the blade retention was found to be stiffer than predicted. The torsion
mode was lower than predicted, and no reason is apparent for the lower
than predicted result. The measured blade natural frequencies are shown
in Figure 235.
Blade-to-blade strain variations are summarized in Figures 236 through 238
for the inboard, mid-blade, and tip bending strain gages. Differences
were on the order of 12.6 percent for the highly strained tip bending gage
and 7 percent for the mld-blade bending gage. The blade-to-blade differ-
ences on the inboard bending gage were 20 percent, which is high because
the strain amplitudes were low. Independent of strain level or gage
location, the blade-to-blade variation was on the order of 75 microstrain.
6.5.5 Transient Tests
The purpose of the transient tests was to evaluate the dynamic response of
the propfan propulsion system to time dependent variations in engine power
and speed set point. The blade vibratory response to these transients was
also monitored. The transients were initiated by manually actuating
either the engine power lever or the propfan speed control lever. The
severity of the transients was altered by varying the rate at which the
power or speed levers were moved. Conducting the transient test in this
manner resulted in the system response being affected by the dynamics of
the turbine engine fuel control and the propfan control input lever
actuator. These devices had features which limited the maximum rate at
which engine power or propfan speed set point could be changed no matter
how quickly the control levers were moved. A slow transient and fast
transient were run in both directions along each operating curve. Engine
power lever position, propfan speed lever position, propfan rpm, engine
torque, and propfan blade pitch angle were recorded and plotted as func-
tions of time for each transient. Acoustic tailpipe static and dynamic
strains and temperatures also were recorded during the power lever
transient to full power and for a prescribed time at power. Dynamic
strain data also were recorded during the fast speed lever transient.
Figures 239 and 240 show the conditions at which propfan speed and power
transient tests were run. Plots of the propfan and engine control dynamic
289
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response to speed and power lever transients are presented in Figures 241
through 248. Figures 241 and 242 show the response to ramp changes in the
speed set point between 87.5-percent and lO0-percent propfan speed. The
time intervals to traverse this set point range were four seconds and two
seconds, respectively. Figures 243 and 244 show the responses to essen-
tially step changes in power lever position between 1268 kw (1700 shp) and
2089 kw (2800 shp) at 87.5-percent propfan speed. Figures 245 and 246
show the responses to more severe transients, step changes in power lever
position between 1350 kw (1810 shp) and 2700 kw (3620 shp) at 95-percent
speed. Propfan blade peak vibratory strain response to a fast speed
transient from 87.5-percent to 100-percent and back to 87.5-percent
propfan speed at a constant 2240 kw (3000 shp) power setting is shown in
Figure 247. Peak vibratory strain response to a fast power transient at
95-percent speed is shown in Figure 248. These data indicate that while
there is an increase in propfan blade stressing as the blade angle
approaches the buffet boundary (defined in Paragraph 6.2.3.2), there is no
relationship between rate of change of the speed or power lever settings
and blade stressing. This is indicated by the absence of any significant
measurable spike in blade stressing during the transient.
During propfan speed transients, the propfan speed governor held power
turbine overshoots _ithin approximately 3 percent. Gas generator speed
was unaffected since the power lever was not changed.
Results also show that gas generator speed is linear with power lever
position during power lever transient tests, and the propfan speed control
held over- and under-speeds to a minimum. The transient response of the
propfan propulsion system verified stable, predictable performance during'
speed lever or power lever transients.
6.5.6 Endurance Test
The endurance portion of the static test consisted of 12 repetitions of a
simulated three-hour flight cycle plus pre- and post-endurance cali-
brations. Acoustic data were recorded _or three configurations during
these tests.
The pre-endurance calibration consisted of two parts: a seven-point
calibration and a three-point calibration. The seven-point calibration
involved setting the propfan rotational speed at 100 percent and varying
engine power between 1640 and 3280 kw (2200 and 4400 shp). Data were
taken at seven steady state conditions between the low- and high-power
settings. The three point calibration was performed by setting the
propulsion system at three set points and taking data when steady state
conditions were reached. The system was set at 76-percent Np speed
and 1340 kw (1800 shp), 87.5-percent Np and 2160 kw (2900 shp), and
lOS-percent Np and 3580 kw (4800 shp) for the three-point calibration.
Twelve repetitions of a three-hour simulated flight cycle were performed
to determine if any excessive wear might occur in either the propfan
assembly or the drive system, especially the reduction gearbox. Of
primary concern in the propfan assembly were the propfan actuator and the
blade retention hardware.
295
--_U_UWW I
v_,, v
EE
W d
Z 2
n
_mm
[
imm
_m
\
A
m
m
\
\
1
I-
0
0
Z
E
0
m
o
I.
o
o
.,,4.
_t _,
ul
0
r_
0
I-
r_
0
,.j
u_
I
_J
_J
_J
_j ,--
_0
C_
3
I
0
0
0
r_
o
r-_.
296
..J
(D
o_
4.
Q.
I\
I
_.o.
I
I
r
J
I
oa
o
r_
t
b_
;>
¢,
@v
0 ¢'q
o
0
297
Id
.I
Z
wl
qC
.J
m
Z
4C
mm
Z
w > _
Q. [u _I
m..l 0
a.
Z
¢¢
_lLd
1
L
mu
u
w
"i
lllm
/
Q
w
0
..mlO
0
qf
I
-I•z_
0
ck
o
qf
a
0
:%
I
eL,
Ou'l
_C
UC
_0
C_
Of",,
3
_O
_J
k_
;o
298
P*'J_a
[
I
L
i
a_
z
a_
i I i i P
u
=o.
\
J
o
o
o
- A
o
0
4.J
cO
I
0
0_ .ua
J ¢_q
v
m
0
(U c_
299
_C
4.
0 iO
I0
-_ -C-
g
a_
0
_D
I
rL
O
°_
3OO
Ap_
a_
zo
w_
i ii
0
I
0 Z
e__ 0
a.a
_a
_0
O_
0
0
e_ o
301
el6ue epel8
c_
c_
c_
v
c_
c_
I
L,
_j
:>
oJ
_J
_d
L.
_0
302
o _ ]Itttlflttt]fttlffttttlip Denolng gage 
._ .-_-_-_ _flt_tlUtltt_IUIUt_ItUUUUIll_IHIIUIflItlI-tlllUltttUUUtltI_I
•_ _ _iii tUfftt_flUUIUHILUIItlttMtiI_ttlt_I]_UlJE_LIiIJH_I_
o _ . _ ,IIIii_]I]_II_111_ii
l • , , ", 0 _ m, i i i
_P
m
_P
m
O.
Figure 248. Fast Power Lever Transient - 95% Np
303
 t r#tr-ed
Each endurance cycle consisted of setting the propfan propulsion system on
12 different set points and recording engine and propfan performance data
at each steady state point. Data were recorded more than once for some
set points so that 17 sets of data were obtained for each cycle. Propfan
rotational speed ranged from 77 percent to 105 percent, and engine power
from 1940 to 3430 kw (2600 to 4600 shp) over the course of a cycle.
After completion of the 12 endurance cycles, the pre-endurance calibra-
tions were repeated to determine any engine performance degradation which
may have occurred during endurance tests.
Results from the pre- and post-endurance performance calibrations cor-
rected to sea level static and unity ram conditions are presented in
Figures 249 through 251. Comparison of the two calibration runs indicated
that engine performance degraded slightly during the 36-hour endurance
test. Considerable dirt and propfan hydraulic fluid buildup was evident
on the inlet duct and engine inlet guide vanes.
The post-endurance calibration shows an increase of approximately
2.5 percent in fuel flow (Figure 251) and a resultant MGT increase of 8°C
(15"F) at the maximum power condition. The performance results are
indicative of a loss in compressor efficiency. After completion of all
scheduled testing, the engine flow path was chemically cleaned for removal
of propfan oil and dust deposits.
6.5.7 Reverse Thrust Test
Testing was conducted to verify safe and stable operation of the propfan
propulsion system while producing reverse thrust. The reverse thrust test
was accomplished with the blade angle set at -5 degrees by the adjustable
low pitch stop. The propfan speed control lever was set at 105 percent,
and the test was conducted with the propfan on the low pitch stop so that
propfan speed would be controlled by the engine power lever. Data were
recorded at six power settings corresponding to 75 percent, 81 percent,
87 percent, 94 percent, i00 percent, and 103 percent propfan speeds.
Power was then reduced, and a slow power transient which changed propfan
speed from 75 percent to 103 percent was performed.
The propfan propulsion system performed satisfactorily during these
reverse thrust tests. Blade stresses were low, and the propfan reached
approximately 103 percent design speed. The set points for which data
were recorded are shown on the -5.0 degree low pitch stop line in Figure
229.
6.5.8 Propfan Auxiliary Pump Motor Test
The propfan auxiliary pump motor was a 3.7 kw (5 hp) three-phase electric
motor designed to supply power to the propfan auxiliary pump which pro-
vides hydraulic pressure for blade angle changes when the propfan is not
rotating. This motor was rated for 400 Rz supply power. However, the
frequency of the power supplied on the GII testbed aircraft was a function
of GII main engine speed and varied between 350 Hz and 500 Rz.
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A test was conducted with the propfan propulsion system shut down to
determine the performance of the propfan auxiliary pump motor at supply
frequencies other than 400 Hz. A variable frequency, three-phase power
source was used to provide between 300 Hz and 500 Hz to the auxiliary pump
motor, and supply current and voltage were recorded while the motor was
started and run. Strip chart data were recorded for supply frequencies of
300, 350, 400, 450, and 500 Hz. Results showed that the motor produced
the power needed to feather and unfeather the propfan blades at all fre-
quencies evaluated.
6.5.9 Acoustics Tests
The acoustics data were recorded during and immediately after the endur-
ance tests. Both far-field and near-field acoustic data were obtained for
a range of tip speeds and horsepowers.
These acoustic data were machine processed to convert the electrical
analog records into engineering units of noise level measurement--sound
pressure in psi and sound pressure level in decibels--and are presented in
three forms: sound pressure time histories, narrow band constant band-
width sound pressure level spectra, and i/3-octave sound pressure level
spectra.
6.5.9.1 Far-Field Noise Spectrum Content
Figure 252 shows features of the far-fleld sound pressure level spectrum
at 30 degrees azimuth for a moderate power of 1732 kw (2323 shp) and I00
percent tip speed.
The first few orders of propfan blade noise were distinct at multiples of
220 Hertz. Other tones were evident near 4000 Hertz. One of these tones
(though often not the strongest) always occurred at the compressor first-
order blade frequency, while the rest occurred at sums of or differences
between the compressor and the propeller blade frequencies. Broadband
random noise was evident throughout the audible range. It was strongest
in the comparatively low frequency range of 500 to 1500 Hertz.
The level of the flrst-order propfan blade tone shown in Figure 252 was
98 dB; the second-order tone was 92; the third was 88. The third,
fourth, and fifth order tones were contaminated by the random noise, and
higher orders were totally masked.
The tone frequencies were determined more accurately by high resolution
spectrum analysis, wherein the analysis frequency range and bandwidth were
reduced by a factor of I0, the display resolution was increased to
8000 lines, and 50 averages were obtained. In so doing, the cursor
indication was accurate to within ±0.62 _ertz. Figure 253 shows the
results of such an analysis for the same microphone and power conditions
as Figure 252.
The peaks adjacent to the compressor fundamental peak in Figure 253 are
seen to be at exact multiples of 220 Hz (the propfan fundamental) above or
below the 4052.5 Hz compressor tone. These tones in the vicinity of
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4000 Hertz are not the 18th, 19th, 20th, etc., order of propfan noise
alone, but appear to be the result of an interaction between the compres-
sor and propfan wake. The noise frequency was seen to track compressor
rotation speed when power was changed; directivity of the tone noise was
seen to agree with inlet rather than propfan noise directivity; and the
level of these tones remained constant at conditions where propfan tone
levels changed.
The broadband random noise shown in Figure 252 maximized near 800 Hertz,
at a level of about 84 dB. This level is deceptively low because of the
comparatively narrow (19 Hertz) analysis bandwidth used. In fact, the
random noise governed the overall sound pressure level, OASPL, which at
107 dB was 9 dB above the highest tone level. The importance of this low
frequency random noise was also visible in I/3-octave analyses.
The low frequency random noise was attributed to stall on the propfan
blades and/or possible inflow turbulence since the random noise behavior
was consistent with the blade stress behavior. As flow separation
increased, the random noise typically increased throughout the audible
spectrum, but the increase in the low frequency portion of the noise
spectrum was always more pronounced. For that reason, the random noise
discussion and illustrations hereafter will refer to the "crest" of the
low-frequency portion of the random noise spectrum.
The three spectrum components discussed above (propfan tone noise,
compressor-related noise, and low frequency random noise) took on varying
significance, depending on direction and power.
6.5.9.2 Directivity Effects on Spectrum Content
At an azimuthal location of 60 degrees, the propfan tone noise was lower,
the compressor/propfan interaction tone noise was higher, and the random
noise crest was at a higher frequency than at 30 degrees.
At 90 degrees azimuth, the propfan first-order tone level increased from
the level at 60 degrees, the compressor/propfan interaction noise
decreased, and the random noise level was slightly lower.
At 120 degrees azimuth, the propfan first-order tone noise decreased from
the level at 90 degrees, while the higher-order propfan tones increased
slightly. The compressor-related noise also showed preference to higher
orders, and the level of the random noise crest increased.
6.5.9.3 Power Effects on Spectrum Content
At 60 degrees azimuth, increasing the power from 1732 kw (2323 shp) to
3007 kw (4032 shp), increased the propfan first-order tone 7 dB while the
random noise crest increased 13 dB. Most of the random noise increase
occurred in the 500 to 1500 Hz range.
A I/3-octave analysis of the noise at 60 degrees azimuth, 1732 kw
(2323 shp), is shown in Figure 254. This analysis illustrated the greater
significance of the random noise relative to the propfan tones. The
311
0I
|
. =_.
m
¢:}
J
L_
N
I,.w
_J
,"L
C_
*,,,_
0
Z
0
L,
:"W
I
_J
0
_J
0
"w
U'%
312
randomnoise maximized in the 1600Hertz band, where it was 4 dB above the
propfan fundamental. The highest noise level occurred in the band contain-
ing the compressor/propfan interaction tones and randomnoise combined.
The i/3-octave spectrum for the same 60 degrees azimuth and 3007 kw
(4032 shp) maximized in the band containing the crest of the random noise,
as seen in Figure 255.
At 90 degrees azimuth, increasing propfan power increased the propfan tone
noise by 3 dB and increased the random noise by 15 dB.
At 120 degrees, increasing the propfan shaft power increased propfan tone
noise about 4 dB and increased the random noise crest about 15 dB.
6.5.9.4 Far-Field Noise Directivi=y
Directlvity was different for each of the major contributors to total
noise. First order blade passage SPL for the propfan tended to peak at
115 dB from 90 degrees to II0 degrees. Random noise had approximately
equal lobes at 0 degrees to 15 degrees and 130 degrees. The strongest
compressor tone peaked at about 15 degrees with a secondary peak at about
50 degrees.
Subjective annoyance levels of the total noise spectrum, however, were
surprisingly uniform in the range from straight ahead to _ = 145 degrees.
This can he seen in Figures 256 and 257 where directivity curves are
plotted for different tip speeds and different power levels.
6.5.9.5 Effects of Operational Parameters
The first-order blade noise at I00 degrees azimuth is shown as a function
of shaft power in Figure 258. The noise levels were tip speed dependent
as well as power dependent. Similar plots were made for power coefficient
_, measured thrust, and thrust coefficient C_. The better descriptorfirst-order blade noise was thrust. The Trelationship is shown in
Figure 259. It suggests "lift" noise as the source, since thrust relates
to the forward component of blade lift.
The low-frequency random noise at 130 degrees azimuth is shown as a func-
tion of shaft power in Figure 260. At the higher tip speeds where there
were sufficient data to show the trend, noise level was seen to increase
roughly linearly with shaft power. At a given power, the random noise
level decreased as tip speed increased. The relationship of random noise
to blade lift (measured thrust) is presented in Figure 261. At a given
tip speed, random noise increased nonlinearly with thrust, while at a
given thrust, random noise decreased as tip speed increased. Blade vibra-
tory stress behaved in a similar fashion. All of these trends indicate
that random noise was strongly related to blade stall. This random noise
would be expected to be substantially lower in flight, where flow through
the propeller disc is clean and blade stall is absent.
The random noise data are correlated with thrust coefficient C_ in
T
Figure 262 where the data are seen to converge toward a single nonlinear
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curve. A better describer of the random noise level was found to be power
coefficient, Cp. As shown in Figure 263, when plotted against Cp, the
noise data for all tip speeds converged toward a single slightly nonlinear
curve.
The compressor/propfan multiple-tone interaction noise at 50 degrees
azimuth is shown as a function of shaft power in Figure 264. In this
figure, the ordinate is the sound pressure level of the strongest inter-
action tone, regardless of the tone frequency. The strongest interaction
tone frequency was always in the range of 4000 to 5500 Hertz. The tone
level data followed a linear power relationship with rather flat slope,
indicating only a mild sensitivity to power. The tone-level sensitivity
to thrust was very similar. At the higher shaft power conditions, the
compressor/propfan interaction noise was masked by the random noise.
Frequency-wlse, the compressor related tones were well removed from the
propfan tones and did not contaminate the propfan tone measurement.
Data with the acoustic barrier in place
low frequency random noise originated at
tion noise.
led to the conclusion that this
the propfan and was not combus-
6.5.9.6 Near-Field Noise Analyses
Near-field noise was recorded at seven sideline microphone locations that
relate to positions on the PTA aircraft fuselage as shown in Figure 265.
Spectra from data recorded at these locations showed the same character-
istic propfan tones, random noise, and compressor tones that were observed
in the far-field data.
Propfan first-order blade passage sound pressure levels at the seven
equivalent fuselage station_ are shown in Figure 266 for the nominal tip
speed of 237 mps (800 fps). These data show the tone level maximized at
equivalent FS 322, which was slightly aft of 90 degrees from the propfan.
While the spacing of the microphones was too great to pinpoint the loca-
tion of the maximum level, the microphone at equivalent FS ]22 was within
the directivity lobe of high levels observed in the far field and should
be within a few dB of the maximum.
The noise level peaked at an intermediate horsepower rather than the
highest power. This behavior also resembled that observed for the far-
field data. It was probably because directivlty changed with power, and
the single microphone at equivalent FS 322 missed the maximum.
First-order blade noise distributions as a function of tip speed, for
roughly equal, moderate, shaft power conditions, are shown in Figure 267.
In the region of the maxima, the noise level increased systematically with
tip speed. Aft of the maxima the noise levels were less dependent on tip
speed.
For fuselage sonic fatigue design purposes, the near-field noise was the
highest at the high tip speeds and high powers, where worst case levels
reached 141 dB. This was still well below the levels expected during
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hlgh-speed cruise. Since the
tolerate the cruise case, it
running.
testbed
should
fuselage shell was reinforced to
not be unduly affected by ground
Cabin noise levels that result from exterior surface noise being trans-
mitted to the interior will be substantially higher in flight because of
the higher exterior noise during that condition. Crew ear protection
provisions that are suitable for the flight case should therefore be
adequate for ground running.
Instantaneous and time-averaged sound pressure signatures were obtained
for selected conditions to reveal the nature of the pressure loading on
the structure and to determine the non-uniformity, if any, of the pressure
waves from the propfan blades.
Examples of a typical instantaneous and an average of 50 pressure wave
samples of 200 milliseconds duration (about 5.5 propfan revolutions,
or 44 blade passes) are shown in Figure 268 for equivalent Fuselage
Station 322. The averaged wave shows the same characteristics as the
far-field data, i.e., certain blade signatures were consistently weaker
(indicated by "W"), and others consistently stronger (indicated by "S").
Typically, the strongest and the weakest pressure signatures deviated from
the average by about I0 percent.
A typical instantaneous and an average of 50 pressure wave samples of
8 milliseconds duration is shown in Figure 269 for the same equivalent
Fuselage Station 322. The instantaneous wave illustrates the complex
nature of the instantaneous pressure loading on the structure. Because
random pressures coexisted with the discrete phase-correlated pressures,
the instantaneous pressure loading varied a great deal between samples.
In the time-averaged pressure wave, the randomly phased pressures averaged
to near zero, leaving only the discrete phase-correlated pressure. The
first-order wavelength was seen to dominate at the location and condition
shown. The pressure distribution was slightly saw-toothed, but essen-
tially sinusoidal.
6.5.10 Propfan Performance
6.5.10.1 Aerodynamic Performance
Propfan aerodynamic performance data gathered during the stress survey and
the endurance test are presented in Figures 270 and 271. The data were
corrected for ambient temperature and pressure, nondimensionalized, and
compared with analytical predictions and the results of the LAP static
rotor test. The large amount of scatter in the power coefficient versus
blade angle data was the result of significant hysteresis and dead band in
the blade angle instrumentation. However, the same data trends that were
observed in the LAP test data were discernible in the PTA test data. The
power coefficient began to fall short of predictions at blade angles above
30 degrees. The plot of thrust coefficient versus power coefficient shows
that the thrust measured during the PTA test seemed to be slightly lower
than thrust measured during the LAP test in the lower blade angle range.
However, the same maximum thrust coefficient was obtained for both tests.
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The reason for the lower PTA thrust at the lower blade angles may be
related to the 4.5 mps (8 mph) headwind that was present throughout most
of the test. The effect of a headwind was to reduce the angle of attack
seen by the blades for a given blade pitch angle.
6.5.10.2 Mechanical Performance
During the course of testing, oil leakage was observed from the rear lip
seal area of the propfan control. Upon completion of testing, the leakage
was eliminated by bonding a new seal into the retainer.
During the test program, the blade strain continuous operating limits were
slightly exceeded due to variations in wind speed and direction when
operating near limit conditions. As a result of these tests, the static
operating limits were revised as shown in Figure 272.
6.5.1i Drive System
Allison supplied a performance program to calculate engine performance
data. This program was developed based on the engine and test stand
instrumentation available during the static test. In order to compare the
test results with the results obtained during power section and gearbox
testing at Allison, this performance program corrected the data to sea
level unity ram conditions. In the correction process, however, several
assumptions were necessary. For example, since the engine exhaust static
pressure was not instrumented, the ram pressure ratio across the engine
had to be estimated. Also, the effect on engine performance of inlet
pressure and temperature distortion due to the inlet duct could not
properly be accounted for with only the single compressor inlet pressure/
temperature probe.
6.5.11.1 Steady State Performance
The 501-M78B drive system provided necessary power for all requirements of
the static test while operating within engine specification limits. A
maximum disc loading factor of 503.3 kw/m 2 (62.7 shp/Dp 2) was provided
with a comfortable measured gas temperature (MGT) margin_of 56°C (100°F)
below the maximum continuous rating. Oil consumption was virtually non-
existent with a final oil loss (which included not only oil consumption
and leaks, but a!_o _osses due to magnetic plug inspections) of approx-
imately 3.8 x I0 _ m_ (0.I gal.) per operating hour. Stable operation was
demonstrated at every required point during the test.
6.5.11.2 Sea Level, Unity Ram Performance
Figures 273 through 275 reflect performance comparisons from propulsion
system testing at Rohr and power section testing at Allison. The static
test data were taken from the pre-endurance performance calibration. The
Allison data consisted of the final ambient performance calibration con-
ducted on engine Serial Number 0085. Both sets of data were corrected to
unity ram, allowing a comparison to validate instrumentation, correction
factor accuracy, and engine health. Figure 273 shows that corrected gas
generator speeds versus power section power were nearly identical for the
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two runs. This helped to verify the accuracy of engine instrumentation
such as the torquemeter, rotor speeds, and the compressor inlet temper-
ature and pressure probes. Figure 274 shows that corrected MGT data from
the static test were slightly higher than the MGT measured on the Allison
power section test stand. Installed static test MGT was within 1.5 per-
cent of the power section uninstalled test data. Corrected fuel flow
rates, shown in Figure 275, agree within 2.5 percent between the two test
stands.
6.5.11.3 Ram Effects
Figures 276 through 278 compare the installed power section performance,
which included the ram effect of the propfan, to unity-ram results
obtained at Allison. The data presented in these figures reflect the
improvement in drive system performance due to th_ ram assist _rom the
propfan. At the maximum corrected MGT run in the pre-endurance calibra-
tion at Rohr, 7 percent more power was produced by the power section than
was produced under unity-ram conditions on the isolated power section test
at Allison. Extrapolation to the maximum continuous MGT rating shows that
the power section could be expected to produce a 10-percent power margin
above specification requirements.
6.5.12 Subsystems Performance
Propulsion subsystem characteristics were measured and recorded concurrent
with propfan and drive system performance during static testing.
6.5.12.1 Propfan Oil Cooling
The propfan fluid cooling system maintained the hydraulic fluid temper-
ature at or below 87"C (188"F) throughout the endurance test cycles.
Fluid cooling is dependent upon not only the heat rejection rate _rom the
propfan, but also on the fuel flow rate. Therefore, the more critical
periods with respect to propfan fluid cooling occurred at high propfan
speed and relatively low engine power. Prolonged operation under these
conditions resulted in relatively high prop fluid temperatures as well as
high engine fuel pump inlet temperatures. As shown in Figure 279, the
maximum prop fluid temperatures occurred during endurance testing at the
105-percent propfan design speed, 1865 kw (2500 shp) test condition.
These maximum temperatures occurred at test stand supplied fuel temper-
atures of approximately 27"C (80"F), which were considerably higher than
the estimates of i0 to 16"C (50 to 60"F) for the stored fuel.
Both propfan fluid temperature and fuel engine inlet temperature increased
rapidly during the reverse thrust test. Propfan hydraulic fluid reached
I14"C (237°F) within approximately 15 minutes after starting the engine.
Fuel inlet temperature exceeded 100"C (212"F) at shutdown.
6.5.12.2 Engine 0il Cooling
The power section and gearbox oil cooling system provided sufficient
cooling throughout the static test to maintain the oil temperature within
the engine specification limits. Figure 280 shows drive system oil
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temperature as a function of engine output power and propfan speed.
Extrapolating these data show that the drive system oil cooling system can
maintain the engine oil temperature at or below 100"C (212"F) at maximum
power static conditions for hot day (39°C or 103°F) operation. A 100"C
oil temperature is considered the maximum transient (five-mlnute) limit by
Allison.
Reverse thrust operation was the most severe condition for lubrication oil
cooling. During the reverse thrust test, engine/gearbox oil temperature
reached a maximum of 85°C (183°F) within 15 minutes of engine startup.
The primary reason that oil temperatures did not increase beyond this
value is that the low power input to the propfan resulted in low drive
system heat rejection to the lubricating oil.
6.5.12.3 Nacelle Cooling
QEC surface and internal air temperatures measured during the static tests
indicated satisfactory temperature, but it should be noted that these
tests were conducted without the aft nacelle.
Maximum surface and air temperatures consistently occurred after engine
shutdown following an endurance operating cycle. The maximum recorded air
temperature inside the QEC, which occurred near the fuel control, was 66°C
(150°F). Corrected to _ hot day conditions (39"C or 103"F), this is equiv-
alent to 84°C (183°F), well below the limit of 120"C (248°F).
Typical maximum recorded surface temperatures are shown below:
Component
Fuel Control
Electronic Engine Control
Ignition Exciters
Prop Speed Control Actuator
Recorded
Temperature
7I°C (159°F)
4I'C (I06°F)
74°C (165°F)
36°C (96°F)
Corrected to
Hot Day 39°C
89°C (192°F)
59°C (139°F)
92°C (198°F)
54°C (129°F)
QEC cowl frame, cowl skin, bulkhead, and engine mount surface temperatures
were monitored throughout the conduct of the static test_ to verify that
limit temperatures were not exceeded and that sufficient cooling air was
available for static operation.
6.5.12.4 Acoustic Tailpipe Stress and Temperatures
The strains and temperatures measured in all areas of the acoustic tail-
pipe were lower than those assumed by a theoretical analysis performed
prior to the static test program. The analysis showed an expected fatigue
life of 15,000 thermal cycles, based on an estimated 300 engine hours for
both the static and flight test_programs The analysis estimated an outer
skin maximum stress of 487 x I0 _ N/m _ (70,700 psi), much greater than the
83.4 x I0 _ N/m 2 (12,100 psi) measured.
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Although tailplpe temperatures were lower than predicted, e.g., 471"C
(880"F) versus 649"C (1200°F) for the inner skin, the maximum differential
temperature between the inner and outer skins was greater than predicted.
The analysis used a value of 167"C (300°F) while the measured value was
226°C (407"F). This implied that yielding might occur earlier than
expected, but the tailpipe should possess the same fatigue life that was
predicted.
6.5.12.5 Propfan Speed Control
During the system checkout phase of the static tests, it was discovered
that the gearbox-mounted electromechanical prop control actuator would
not rotate the prop control input lever to the feather position. Bench
test confirmed that the available torque of 7.91 N-m (70 in.-Ib) was
marginal for the mechanical feather input torque requirement. Therefore,
the actuator specification stall torque was increased to 13.6 N-m
(120 in.-ib), with a control voltage of 26 VDC. Except for this, the
actuator system functioned satisfactorily throughout the prop speed
control range.
6.5.13 System Vibration Characteristics
Propulsion system vibration was monitored by accelerometers in eight
locations. Although only two locations were used by the engine operator
for health indication, all eight were displayed and recorded on the data
acquisition system.
A critical speed was found near 94-percent propfan design speed during the
balancing procedure. Prior to balancing, the vibratory response was mag-
nified 8.25 times at the critical speed as shown in Figure 281. The mode
shape defined by data acquired from accelerometers V., Vg, and V, was
determined to be vertical bending as illustrated in _igure 2_2. The_mode
shape indicates that the major source of flexibility is in the structure
connecting the engine to the gearbox. Once balancing was accomplished,
the propfan propulsion system could be operated at the critical speed
withollt exceeding vibration limits. This critical speed was expected to
exist in the flight structure, but it was not expected to pose any problem
with the propfan balance.
Although the recorded values (30-second averages) of the various vibration
sensors remained within limits after the propfan was balanced, the overall
signal from a given unfiltered accelerometer occasionally exceeded the
established limits. When these signals were reviewed either in real time
on a spectrum analyzer, or after the test from a spectrum analysis plot,
the amplitudes of the vibrations within the bandwidths of concern did not
exceed limits. Vibration limits were defined for two bandwidths: 15 to
40 Hz (900 to 2400 rpm), which enclosed the normal range of the propfan
rotational speed, and 150 to 250 Hz (9,000 to 15,000 rpm), which is
approximately the range of the gas generator and power turbine normal
rotational speeds.
Based on the data recorded during static testing, accelerometer position
V 5 (reduction gearbox lateral) appeared to be an acceptable choice as a
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location for monitoring propulsion system health. The V_ (compressor rear
frame vertical) position was also used during the static-test for monitor-
ing by the engine operator. Based on spectrum analyses of signals from
all eight accelerometer locations on the drive system, it appeared that
the V (compressor front frame lateral) location would provide a more7
appropriate indication. Throughout the static test V appeared to be
' 7
somewhat more sensitive to compressor unbalance and considerably more
sensitive to propfan unbalance than V 3.
6.6 CONCLUSIONS
All of the major objectives for the static test program were achieved.
The propulsion system and its related subsystems operated as they were
intended to operate. Control inputs to the propfan and drive system
provided stable, predictable responses. Instrumentation outputs were
accurate. Fluid cooling was adequate, with fluid temperatures remaining
within specification limits during normal running conditions. Compartment
temperatures indicated that the nacelle cooling provisions permitted a
suitable environment for propulsion system operation. Operation in
reverse thrust, however, was time-limited due to inadequate fluid cooling
and insufficient propfan power absorption to prevent reduction gearbox
main drive bearing skidding.
Propfan blade stresses were lower than those encountered at similar
operating conditions during the LAP static rotor test. No adverse stress-
ing was encountered during transient testing. Blade strain limits were
occasionally exceeded during the endurance testing, and a revised torque
limit was defined for static operation.
The propfan control dynamic response was very stable but slightly slower
than predicted. Overspeed or underspeed conditions could occur if power
changes were introduced too rapidly. The propfan balanced well, and
vibration levels were independent of blade angle. Replacement of compo-
nents on the rotating portion of the propfan and changing the low pitch
stop setting did not adversely affect the balance.
Drive system instrumentation provided accurate, readable displays to the
engine operator. Research instrumentation outputs were also consistent
and accurate. The performance of the Hamilton Standard blade stress
instrumentation was satisfactory with the strain gage signals reliable and
free of noise.
Engine speed stability and propfan IP signal quality were satisfactory
for time domain averaging of acoustic pressures and for high resolution
frequency domain analyses. The far- and near-field noise spectra con-
tained three components whose significance depended on power, tip speed,
and direction. The components were propfan blade tones, propfan random
noise, and compressor/propfan interaction noise. No significant turbine
noise or combustion noise was evident. The combined noise of all sources,
on an "A" weighted basis, was uniformly directional over an azimuthal
range of 0 to 145 degrees. The static near-field noise levels were well
below the worst case cruise noise levels used for fuselage sonic fatigue
348
analyses, and the fuselage structure should not be unduly affected by
ground running.
The drive system provided necessary power for all portions of the static
test program while operating within the engine specification limits. The
pre-endurance calibration data agreed with Allison predictions of drive
system performance. The engine inlet duct performed better than predicted,
with a large beneficial effect on drive system performance. Measured gas
temperature exhibited a 56°C (100°F) margin below the maximum continuous
limit. The I- to 2-percent degradation observed between the pre- and
post-endurance calibrations was probably due to compressor contamination
by hydraulic fluid and dirt.
The modified propfan blade seal significantly reduced hydraulic fluid
leakage. Although the propfan assembly leaked a significant amount of
fluid, the majority of the leakage occurred past the prop control rear lip
seal.
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7.0 AIRCRAFT PROCUREMENT AND HODIFICATION
Only a little more than two years were required to procure all the various
parts of the PTA assembly and produce the final fllght-ready test air-
craft. Procurement started in September 1984, almost immediately after
contract go-ahead with the ordering from Allison of the two Model 570
power sections and the three T56 gearboxes that would be used in the
program.
Almost simultaneously, design work started at Rohr on the QEC, so that
when Allison delivered a drive system mockup to Rohr in February 1985,
work was started on building a QEC mockup around the mockup of the drive
system. This activity is illustrated in Figure 283.
Gulfstream had several GII wing sets on hand at the start of the PTA
Program that had been traded in by aircraft owners desirLug to upgrade
to a more modern wing design. This availability of GII wings was one of
the attractive features favoring the use of the GII aircraft because it
permitted a large part of the aircraft modification work to be done prior
to purchase of a complete aircraft. It also permitted a relatively
inexpensive retrofit to the original aircraft condition after the PTA
Program was completed.
The wing set from GII Seriai Number 245 (S/N 245), shown in Figure 284,
had only a little more than 1600 total flight hours and 715 landings, so
after inspection it was selected for the PTA modification.
By mid-1985, all of the instrumentation and data system equipment was on
order, and some parts had been delivered.
Wing modification work was started in September 1985. Preliminary struc-
tural design indicated that it would be necessary to strengthen some of
the internal structure of the wing--requiring that the wing covers be
removed. Special jigs were constructed for this work, as shown in
Figure 285, so that the structure needed to sustain the loads produced by
the drive system installation could be added.
After the internal strengthening, the wing skins were replaced and
doublers were added to the outer skins for the needed torsional strength-
ening. This restored the wings to the configuration shown in Figure 286.
Also shown in Figure 286 is the Jig structure in which the aft nacelle was
built up. This structure is shown again in Figure 287 where it can be
seen being fitted to the modified left-hand wing.
Meanwhile, at Rohr, work was continuing on fabrication of the QEC using
the drive system mockup, and at Allison, the drive system was being
assembled and tested. And in the last quarter of 1985, another team was
working on selection of the GII aircraft to be procured for the PTA
Program.
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Figure 284. Wing from GII S/N 245
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IFigure 285. Wing Structural Modification
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The criteria for aircraft selection were:
o Ramp weight capability of 29,620 kg (65,300 ib)
Remaining service life of 3,000 flight hours, including 1,000
takeoff and landing cycles without major repair or refurbishment
to the airframe or propulsion system
Price not to exceed $5 x 106
Capability for installation of jump seat with shoulder harness
and protection against nose gear drag brake penetration
o Compliance with structural inspection requirements
o Major airframe and engine inspections accomplished
o Sufficient avionics equipment to comply with test requirements
Using these criteria, four candidate aircraft were selected for evaluation
on the basis of estimated two-year operating costs. Results are shown in
Figure 288. On the basis of these comparisons and a careful review of
aircraft and engine records, Aircraft S/N 118 was selected for more
detailed evaluation.
Ground tests and flight tests were performed: the ground tests consisted
of systems evaluations and engine runs; and the flight tests concentrated
on handling characteristics, climb performance, level flight performance,
buffet boundaries, and stall characteristics. Flight test results indi-
cated a general conformance with the GII Flight Manual and the GII Cruise
Control Manual.
Based on the overall results of these aircraft evaluation tests, the test
team recommended procurement of the S/N 118 aircraft, and an Aircraft
Selection Review Package (DRD 233) was forwarded to NASA.
Allison delivered a complete drive system to Rohr in January 1986, and the
QEC, as pictured in Figure 289, was completed in March [986. Hamilton
Standard delivered the LAP assembly to Rohr in April 1986, and preparation
was started for static tests of the entire propulsion system. Another
part of the Rohr activity was fabrication of the acoustic tailpipe, as
pictured in Figure 290, which was designed to reduce noise from the drive
system jet exhaust.
Gulfstream GII S/N 118 was delivered to Gulfstream for modification in May
1986. Its wing was removed and stored, and the modified wing from Air-
craft S/N 245 was mated to the aircraft fuselage as shown in Figure 291.
Work then began on build-up of the aft nacelle on the wing as shown in
Figures 292 and 293. At the same time, all of the interior trim was
stripped from the aircraft cabin, and it was modified to the test configu-
ration shown in Figure 294. In Figure 294, the data system consoles can
be seen in the background, and the support for the traversing microphones
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can be seen in the foreground. Cockpit modification for the propfan
controls was also done at this time.
There was, of course, a good bit of "secondary" modification to the air-
craft ongoing in the form of new ducting for starter systems, and wiring
and pressure tubes for the various instrumentation systems. Figure 295
shows some of the pressure tubing on the wing and the routing of much of
the abovementioned tubing and wiring through the leading edge region of
the wing.
Figures 296 and 297, respectively, show modifications to the wing to
attach the acoustic boom and one of the wing tip booms.
After completion of the propulsion system static tests at Rohr's Brown
Field Facility, the QEC and drive system assembly was delivered to
Gulfstream in July 1986 .for mating with the wing and aft nacelle, as
pictured in Figure 298. The LAP assembly, with stub blades installed in
place of the propfan blades, was shipped to Gulfstream in October 1986,
thus bringing together at Gulfstream all the major components of the PTA
system.
Modification of the aircraft was essentially completed in the final
quarter of 1986, and after completion of proof tests, ground vibration
tests, and other checkout tests, the PTA aircraft made its first flight on
6 March 1987. The completed PTA drive system installation is shown in
Figure 299.
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8.0 AIRCRAFT CHECKOUT TESTS
A number of checkout tests were performed after the PTA aircraft was
assembled and prior to the flight research tests. These were planned to
methodically check the aircraft, the propfan and its propulsion system,
and all subsystems. They also included tests to examine propfan blade
stresses during ground run and taxi conditions.
A special set of ground tests
and vibration data that would
cabin noise data.
was performed to obtain baseline acoustics
later be used in interpretation of flight
In flight, there were other checkout tests--first without installation of
the propfan blades and then with the blades. Again, all systems were
checked, and tests were performed to clear the aircraft and the propfan
for operation throughout the flight research envelope. These tests are
described in the following sections.
8.1 GROUND TESTS
8.1.I Nacelle/Wing Proof Tests
Nacelle/wing proof tests were conducted to substantiate the structural
integrity of the QEC, the aft nacelle, and the wing interface structure.
The nacelle was proof tested to the limit design load conditions for
the nacelle primary structure and the attachment of the nacelle to the
modified wing. The test conditions represented the maximum upbending and
downbending of the nacelle and the 'maximum propfan/drive system torque and
thrust loads.
8.1.1.1 Test Article
The test article comprised the structurally complete modified GII aircraft
with the QEC nacelle installed on the left wing in the -L degree tilt
position. A dummy powerplant and propfan were installed in the nacelle as
equivalent structure for applying thrust and torque loads.
The tests were conducted in the structural test hangar at the Gulfstream
facility in Savannah, Georgia. The aircraft was positioned in the hangar
above floor tracks that were used as part of the load application and
reaction fixtures.
The test loads were applied by hydraulic actuators linked through load
transducers to the dummy propfan or dummy powerplant except for the
dynamic positive-gust test where the low-magnltude loads were difficult
to apply with the servo/hydraulic system. Consequently, this test was
accomplished using a cable running forward of the propfan and over a
pulley to a weight. The weight of the dummy powerplant and dummy propfan
was counterbalanced by an equal and opposite vertical load acting through
the center of gravity. This counterbalance load was held constant during
each test.
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8.1.1.2 Instrumentation
Instrumentation was provided to measure the strain and deflections at
critical locations in each test area as well as the applied test loads.
Electrical resistance strain gages were bonded to the aft nacelle, wing,
and QEC structure. Deflection transducers were installed to measure
deflection of the structure relative to the hangar floor. For each of the
QEC and aft nacelle, 22 strain gages and 2 deflection gages were used; and
for the wing/nacelle interface, 6 strain and I0 deflection gages were
used.
8.1.1.3 Test Conditions
The four conditions selected for the proof tests were:.
Dynamic positive gust (DPG028 .80A)
Dynamic negative gust (DNG028 .80B)
Torque surge (TS 600 14A)
Torque surge (TS 840 00A)
The test sequence and loads for these conditions are shown in Figure 300.
8.1.1.4 Test Procedures and Results
Proof test loads were applied incrementally with the exception of the
thrust load for the dynamic positive gust condition which was applied at
the beginning of the test and held constant. For the other tests, the
loads were applied incrementally at I0, 20, 40, 60, 80, and i00 percent
of limit loads. After the data were recorded for load conditions above
40 percent, the loads were reduced to 40 percent for data review prior to
proceeding to the next load point.
Following completion of each of the four proof tests, the nacelle struc-
ture was inspected for indications of yielding or permanent set. Results
showed no signs of permanent deformation.
Results of the proof tests compared favorably with predicted data and
substantiated the structural integrity of the QEC, aft nacelle, and wing
interface.
8.1.2 Ground Vibration Test
The objective of this test was to measure the primary airframe modal
frequencies and shapes. These data were used to validate the results of
airplane vibration and flutter analyses.
8.1.2.1 Test Article
The test article consisted of the complete, flight-ready PTA testbed
airplane with the following exceptions: stub blades were installed in
lieu of the propfan blades, the inboard QEC access panel was removed to
allow access to rotate the powerplant, and various fuselage instruments
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Test
Sequence Condition
PX ..... PX M_
Newton (Lbs) Newton (LBS) New,on-Meters
-21323 -4794 -63580 -14294 2008
-20283 -4560 -6525 -1467 64179
-48928 -ii000 -[6391 -3685 48003
-1939 -436 -43968 -9885 21555
DNGO28.80B
TS60014A
TS84000A
DPG028.80A
(IN-LBS)
17771
568000
424840
180763
PPS PPWL
302.[ LO0.O
302.1 i00.0
302.1 100.0
296.3 i00.0
*Pz
A
Z (UP)
/-
:¢,
Figure 300. Proof Test Loads
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and wiring were either missing or incomplete. Aircraft weight immediately
prior to the ground vibration test was 20,514 kg (45,225 Ib) with a center
of gravity at FS 455.12.
The airplane, for test purposes, was configured as follows:
o Empty fuel
o QEC-nacelle installed in the baseline -I degree position
o All flaps and spoilers were retracted
o Stub propfan blades were shimmed to prevent vibration within the
hub
o Ailerons, elevators, and rudder were clamped to their parent
surfaces
As initially planned, the airplane was to be supported at its jack points
on vibration isolators. These isolators were designed specifically for
use in ground vibration testing the Gulfstream IV airplane and were
readily adaptable to the PTA airplane.
Unfortunately, during the test setup, the bladder in the right mafn iso-
lator ruptured rendering this isola=or unusable. The decision was made to
support the airplane on the remaining isolators and the right mai_ gear
with tire deflated f_om normal operating pressure of 1172 x 10 _ N/m 2
(170 psi) to 448 x I0- N/m z (65 psi). This produced an asymmetric sus-
pension system but was considered better than supporting the airplane
entirely on its landing gear.
8.1.2.2 Test Procedures
The test article was excited by electromechanical shakers at various
locations on the airplane. Due to the asymmetric configuration of the
test article, only one shaker was used at any one time. The shaker was
attached to the airplane structure with metal brackets, and when this was
not practicable, with an adhesive wax. Response versus frequency plots
were made at each shaker location and at several reference accelerometer
locations using slow sine sweep exci=ation. These plots and the analyt-
ical mode shapes were then used to determine the optimum combination of
shaker and reference accelerometer locations for each mode surveyed.
The sine dwell method was used to map vibratory mode shapes of the
airframe. The primary bending modal frequency of each boom and the rota-
tional frequency of each control surface were measured by a Fast Fourier
Transform (FFT) analyzer using impulse excitation. The structural damping
of each mode was measured by the quick stop-decay method.
8.1.2.3 Test Results
The asymmetric configuration of the test article significantly complicated
the process of gathering modal data during =he ground vibration test. The
necessary slngle-point excitation caused problems in obtaining an adequate
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amount of energy to excite the total airplane. The asymmetric
configuration also caused the test article to be more sensitive to shaker
location than is usually experienced with a symmetric test article.
Measurable variations in mode shapes and modal frequencies, in excess of
normal expectations, were encountered with different shaker locations.
Therefore, data were gathered only where clean, well-behaved modal peaks
were encountered with emphasis on obtaining the most important modes.
Boom Modes - The frequencies of the primary bending mode of each boom are
presented in the table of Figure 301. It was determined during the pre-
liminary design phase of the PTA Program that the flexibility of the wing
mounted booms need not be included in the analytical model if the primary
bending modal frequencies of these booms were greater than i0 Hz. The
results presented in Figure 301 verify that this condition was attained.
It should be noted that the elimination of these degrees of freedom in
analysis is slightly conservative since a small increase in stabilizing
unbalance is obtained due to dynamic amplification in the flexible booms.
Control Surface Rotational Modes - The rotational modal frequencies of the
control surfaces are presented in Figure 302. These results compare well
with the results of previous Gulfstream II ground vibration tests.
Airframe Modes - The response versus frequency plots used to identify the
airframe modes to be surveyed were generated by an FFT analyzer and con-
tained some inherent frequency shift errors due to sweep rate, sampling
rate, and bandwidth. Therefore, these plots were used only as a guide to
the general location of a mode. The actual frequency of each mode sur-
veyed was determined by carefully adjusting the frequency to obtain the
maximum structural response.
Comparisons between the measured modes and the analytical modes are pre-
sented in Figure 303. The description of each mode is based on the
components contributing the principal amounts of strain energy to the
overall mode as indicated by the analysis. Analyses conducted after the
ground vibration test indicated the first seven modes could easily be
brought into close agreement by adjusting the rigid body modes to repre-
sent the actual suspension system stiffnesses that were encountered during
the test.
During the final design phase, the analysis was frozen prior to a final
decision on the actual extent of the structural modifications to the right
outboard wing. The inclusion of this additional stiffness in the analysis
brought Mode [0 into excellent agreement with the test results. The
measured results for Modes 15, 17, 18, and 19 indicated the airplane was
stiffer than the analysis predicted. These differences were caused by
combinations of increased left wing torsional stiffness and increased
stiffness in the propfan QEC-nacelle structure in both the vertical and
lateral directions. A definitive modification to the analysis would
require extensive additional analyses that were beyond the scope of this
investigation. The remaining measured modes are in good agreement with
the predicted results.
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ITEM
DYNAMICBOOM
STATICBOOM
AIRSPEEDBOOM
ACOUSTICBOOM
VERTICALEXCITATION
Hz
8.5 Hz
ii.0 Hz
LATERALEXCITATION
Hz
13.0 Hz
12.125 Hz
8.25 Hz
Ii.5 Hz
*Unable to separate from wing modes
Figure 301. MeasuredBoomFrequencies
ITEM
AILERON
ELEVATOR
RUDDER
PTARESULTS
Hz
}.0.76
8.04
6.56"
GII RESULTS
Hz
I[.25
7.9P
6.65
Figure 302. Control Surface Rotation Frequencies
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MODE
1
?
3
4
5
7
8
9
I0
ii
12
13
14
15
16
17
•CALCULATED
FREQUENCY
(Hz)
0.45
0.50
0.57
0.94
1.07
MEASURED
FREQUENCY
(Hz)
0.48
1.46
0.68
1.42 1.80
2.47 2.89
3.27 3.12
4.33 4.46
4.66 5.47
5.26 _-_
5.47 5.76
6.49 6.63
6.91 7.32
7.25 8.26
7.77 7.90
8.46 9.08
DESCRIPTION
A/C Lateral Translation & Yaw
A/C Fore & Aft Translation
A/C Yaw & Lateral Translation
A/C Roll & Right Wing Bending
A/C Pitch & Vertical Transla-
tion
A/C Vertical Translation &
Pitch
Right & Left Wing Bending, Aft
Fuselage Torsion & Fin Bending
A/C Vertical Translation
Aft Fuselage Torsion & Fin
Bending, Right & Left Wing
Bending
Left Wing Bending
Right Wing Torsion
Fin Torsion
Spey Engine Vertical Transla-
tion & Left Wing Torsion
Fuselage Vertical Translation
Right Wing Fore & Aft Bending
Left Wing Torsion
Fuselage Lateral Bending
Propfan QEC-Nace!le Lateral
Translation/Yaw
(a) Modes 1-17
Figure 303. Summary of Measured Modes
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MODE
18
19
2O
21
22
23
24
25
26
27
28
29
30
CALCULATED
FREQUENCY _
(Hz)
8.65
8.77
i0.17
I0.74
ii. 14
11.43
12.30
12.57
13.18
14.25
15.58
16.40
17.23
MEASURED
FREQUENCY
(Hz)
9.46
10.O2
10.28
12.71
14.09
16.40
DESCRIPTION
Left Wing Torsion, Spey Engine
Vertical Translation
Left Wing Torsion & Propfan
Pitch
Propfan Powerplant Yaw/Lateral
Translation
Stabilizer Bending
Spey Engine Yaw
Spey Engine Yaw, Higher Order
Aft Fuselage and Fin
Spey Engine Yaw (Out of Phase)
Left Wing Fore & Aft Bending
Right Wing 2nd Bending
Right Wing 2nd Bending, Spey
Engine Yaw
Propfan Powerplant Lateral
Translation
Left Wing 2nd Bending
Spey Engine Pitch
* Reference i, Pre-Ground Vibration Test Analysis
_-_ Not Measured
(b) Modes 18-30
Figure 303. Summary of Measured Modes (Continued)
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8.1.3 Acoustic and Vibration Tests
A series of ground tests were conducted to (I) diagnose sound transmission
into the cabin, (2) investigate the cabin volume resonant response to
acoustic excitation, and (3) determine the degree of surface pressure
doubling on the wlng microphone boom. During these tests, the PTA air-
plane rested on its landing gear in a hangar. No propulsion systems were
operated; all acoustic and vibratory excitations were produced with labo-
ratory test equipment.
8.1.3.1 Test Description
Figures 304 and 305 are block diagrams of the vibration and the acoustic
input measurement systems.. These systems were used to enable the differ-
entiation of the sources of the cabin sound pressure levels.
Two source signals were prerecorded on a Nagra IV SJ reel-to-reel, _-in.
tape recorder operating at 7.5 in./sec. The first signal consisted of the
first three propeller harmonics at cruise conditions: 226, 452, and 678
Rz. The second signal consisted of band-llmlted white noise at 150 to 900
Hz. The taped signals were conditioned and equalized with a Marantz pre-
amplifier.
The vibration system included a 200-1b Unholtz-Dickie Exciter (UD-4C) and
Power Amplifier (TA-250-6-4C). An Endevco Force Transducer (2104-1000)
was attached to a plate placed at the wing bottom and in series with the
shaker tubular drive rod and shaker. The transducer output was used to
set the input levels. The force was monitored with a digital voltmeter
and an Ono-Sokki Dual-Channel FFT Analyzer (CF-900). The selected force
levels were I0, 20, 40, and 80 ib peak for the harmonic signal and
40 ib rms for the random signal. The pre-ampllfier equalizer was used to
reduce the high-frequency roll-off of the force signal.
The shaker input plate was mounted at three different wing locations to
simulate a variety of input positions. The first location was inboard of
the engine on the front wing spar. The other two locations were outboard
of the engine on the front wing spar and inboard of the engine on the rear
wing spar.
The acoustic system consisted of the same source signal and pre-amplifier
conditioning as described in the force tests above. A 500-watt Crown
power amplifier (PS-400) drove an Emilar 150 Hz horn and electrodynamic
driver system. The horn and driver were supported against the lower wing
surface for one test and against the fuselage sidewall in the propeller
plane for a second test. The horn was closed by the aircraft surface; a
_-in. thick foam gasket was used to seal the two surfaces. The mouth of
the horn covered an area of 36.8 cm by 63.5 cm (14.5 in. by 25 in.).
The lower wing surface microphone (MLI5) was inside the horn mouth and
acted as the control microphone for the first acoustic test. The acoustic
tests were run at 2.75 V (136 dB SFL) measured at the power amplifier
output. In addition, da_Swere taken at -6, -12, and -18 dB relative to
the original source level. The fuselage sidewall microphone (M303) was
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NAGRA TAPE
RECORDER
MARANTZ
PRE AMPLIFIER
UNHOLTZ-DICKIE
POWER AMPLIFIER
I
i
_[NG
ENDEVCO
FORCE
TRANSDUCER
T_ZG-TZZ
CHARGE
AMPL:FiE_
UNHOLTZ-O!CKiZ
VIBRATION EXCITER
0,_I0SOKKI
FFT ANALYZE.q
Figure 304. Block Diagram of the Vibration Excitation System
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NAGRA TAPE
RECORDER
MARANTZ
PRE AMPLIFIER
CROWN POWER
AMPLI.FIER
--I _ BALLANTINEVOLTMETER
ONO SOKKI
FFT ,_NA_fZ_R
m
(
EMILAR ACOUSTIC
DRIVER & HORN
WING OR
FUSELAGE
Figure 305, Block Diagram of the Acoustic Excitation System
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inside the horn mouth and acted as the control microphone for the second
acoustic test. The same levels were used as in the first acoustic test.
8.1.3.2 Test Results and Discussion
Test results showed that a nominal vibratory force of 5.5N (40 Ib) (rms
overall) normal to the wing front spar lower surface produced cabin noise
levels of 90 dB overall. A 140 dB overall acoustic excitation on the
cabin exterior in the plane of the propfan plane produced cabin noise
levels of II0 dB overall. The results suggest that for flight conditions
involving high fluctuating pressures on the wing and low sound pressures
on the fuselage, the cabin noise data at some locations may be influenced
by structureborne noise.
Cabin volume resonance frequencies were surveyed, and response mode shapes
were determirred for selected resonances. The first-order axial mode
occurred at 13.1 Hertz; the second order at 22.3 Hertz; the third at
30.5 Hertz. Higher order axial modes were separated by about 8 Hertz.
The first-order radial mode occurred at 96 Hertz; the second at 168 Hertz.
The first-order tangential mode occurred at 83 Hertz; the second at
156 Hertz.
Many cabin volume resonances were found in the frequency range of the
propfan first-order blade passage noise, most of which were complex modes.
This has the effect of reducing the degree of noise level variation with
changing spatial location, and with changing propfan rpm.
8.1.4 Systems Functional
The systems functional tests were accomplished in two phases. The first
phase consisted of tests to check out the basic GII systems unaffected by
the PTA modifications. For these tests, the Gulfstream Computerized
Maintenance Program procedures were followed. The second phase checked
those systems altered to some degree by the PTA modification process. For
these tests, there were no specific research instrumentation requirements.
Cockpit instruments were utilized where appropriate.
8.1.4.1 Basic GII System
The following GII systems were checked.
o
o
o
o
O
o
o
Hydraulic systems
Flight control systems
Fuel systems
Electrical systems
Engine systems
Environmental systems
Subsystems
All systems were found to operate normally.
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8.1.4.2 Modified GII Systems
The GII systems, altered to some extent by the PTA modification, were
functionally checked using the procedures defined in Reference 19.
All systems listed below were satisfactorily checked-out prior to first
flight.
o Electrical power system
o Fuel system
o Fire detection system
o Fire suppression system
o Propfan propulsion system starter duct
o Propfan propulsion system oil cooler flap
o Propfan propulsion system dry motor
o Interphone system
o Interior lights
o Testbed airspeed system
8.1.5 Propfan Structural Integrity
8.1.5.1 Test Description
Following completion of the propfan propulsion system functional checkout,
a series of ground tests were conducted to substantiate the structural
integrity of the Hamilton Standard SR-7L propfan.
The first portion of the structural integrity assessment involved eval-
uating blade vibratory stress levels during governing and power lever
traverses for calm wind and steady crosswind conditions.
Initial natural crosswind testing was unsuccessful due to unacceptable
levels of fluctuations in ambient wind speed and direction. Subsequently,
crosswind testing was completed successfully by employing a C-130 as a
blower aircraft. Figures 306 and 307 illustrate the three crosswind test
conditions and the position of the PTA aircraft relative to the blower
aircraft for one of the three crosswind conditions.
The power lever traverse test was performed with the blades against the
low pitch stop, which was set at 20 degrees (low power/nongoverning opera-
tion), and provided the opportunity to search for and define any propfan/
drive system critical frequencies. The test was conducted by setting the
speed lever to 105 percent and adjusting the power lever accordingly to
ascend from high idle speed (53 percent) to 105 percent in 3-percent
increments. Repeatability of the test data collected was confirmed by
descending in rpm from 105 percent to high idle speed (53 percent), in
3-percent increments. Strain gage data were collected for 30 seconds at
each interim point.
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I 270 Deg. _-_ I
!
l
!
Deg.
35 17 Knot
Note:
I.Wind speed adjusted to prevent high blade stress.
Z. Natural Cross-wind Testing at NASA Wallops Flight Facility.
3. Calm wind testing.
Figure 306. Crosswlnd Test Conditions
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The stress survey (governing) test was performed to establish the opera-
tional limits for high power static conditions. Data were collected over
a range of stabilized torque conditions for propfan speeds ranging from
75 percent to 105 percent, in 5-percent increments. As with the power
lever traverse test, strain gage data were collected for 30 seconds at
each test point.
The final portion of the structural integrity assessment was the taxi test
to determine the effect of forward velocity on the blade buffet boundary
found during static operation. Inttlal plans called for a feather test,
a low-speed buffet boundary exploration, and constant torque tests.
However, because of aircraft handling problems encountered during high-
speed taxi testing, portions of the buffet boundary exploration and the
constant torque test were deleted from the test matrix. The feather test
was conducted by accelerating the aircraft from 0 to 68 mps (0.2 MN) and
decelerating back to 0 with the propfan feathered. The buffet boundary
was established at taxi speeds of I0 mps (20 KCAS) and 21 mps (40 KCAS)
for a propfan speed setting of 78 percent, with a series of slow power
lever transients up to the maximum torque permissible without exceeding
blade stress limits. Data was recorded continuously during the taxi test.
8.1.5.2 Test Results
The test data were analyzed in terms of data sample average (DSA) and
infrequently repeating peak (IRP) stress for all steady state conditions.
The DSA strain is the average peak vibratory amplitude of a sample of
strain gage data while the IRP vibratory strain is a statistical value
representing the mean vibratory strain plus two standard deviations of the
data sample. The IRP vibratory strain is used to define the boundaries of
the blade continuous operating envelope and to plot all relevant total
vibratory response data for the structural integrity tests. In addition
to total vibratory response data, selected strain gage channels were
harmonically analyzed to establish the frequency content of the blade
response.
Calm Wind Tests - The calm wind static tests were performed in two parts.
First, a power lever traverse along the fixed blade angle of the low pitch
stop was accomplished, followed by governing points which were obtained at
conditions where the system maintained constant rotational speed by chang-
ing blade angle to absorb increasing power. Figures 308 and 309 show the
test conditions obtained during the power lever traverse and governing
portions of the static tests in a calm wind. For these tests, calm winds
are defined as less than 3 mps (5 knots) crosswind or 5 mps (i0 knots)
head wind. The calm wind tests were actually run with a 3 mps (5 knot)
gusting, 270 degree crosswind as shown earlier in Figure 306.
As was the case for both the WPAFB and Rohr Brown Field tests, the SR-7L
propfan exhibited high blade tip vibratory response that limited torque at
constant speed conditions as shown in Figure 310. The data show that
stress levels remained at moderate levels during constant speed conditions
until a critical torque level was reached, above which, stress levels
increased rapidly with torque. The only exception to this was a high
strain point at 85-percent propfan speed at low torque. The stray point
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  x %need
is most likely due to the variability of the winds during testing. The
role of crosswinds is discussed in more detail later.
The trends of vibratory stress during static operation in calm wind
conditions were similar to those experienced during previous static
testing on the engine test stand at Rohr and on the whirl rig at WPAFB.
The primary difference between the aircraft tests and the other tests was
due to aircraft environment. This environment contributed to higher
P-order response. Figure 311 shows that at 78-percent speed all three
static tests showed the same Jesuits, but at [00-percent speed the blade
stressing was greater for the aircraft installation due to increased
P-order response near the 3P first edgewise mode critical speed (See
Figure 235.). Another difference between the three static tests was the
environmental wind conditions. The engine test stand had 5 to 7 mps (i0
to 14 knots) head winds which reduced the stresses, while the aircraft
environment had a 3 mps (5 knot) gusting crosswind which would have the
effect of raising blade stresses. The whirl rig tests were conducted in
an indoor facility and, therefore, had no winds.
Figure 312 presents a comparison between amplitude response spectra from
the aircraft ground test and from the static engine test at [O0-percent
rotational speed. This comparison highlights the effects of the different
environments. The 3P excitation at
edgewise critical speed so the 3P
engine test, the blade buffeting in
the response, but during the aircraft
speed, the 3P response dominated the
that buffeting response in the 3F
affected by the difference in test
response was significantly affected.
100-percent speed is near the first
response is magnified. During the
the 3F and 2F blade modes dominated
ground test near the 3P/IE critical
blade vibration. It should be noted
and 2F modes was not significantly
environments, while the P-order
When results from the SR-TL and the SR-TA (small-scale aeroelastic model)
are examined in terms of power loading (power per disk area) and tip
speed, a comparison of static operating boundaries can be made. This
comparison is shown in Figure 313 for all three SR-7L tests and for the
SR-7A test in the NASA-LeRC 9-Ft x 15-Ft Wind Tunnel. The SR-TL tests and
the SR-7A test show similar results.
The increase in tip strain with torque as shown earlier in Figure 3[0 is
actually a blade angle effect. The relationship between torque and blade
angle is shown in Figure 314. Torque increased with a constant slope up
to approximately 25 degrees blade angle; above 25 degrees blade angle, the
torque sensitivity to blade angle began to decrease. This result was also
observed during the Rohr Brown Field and WPAFB static tests of the SR-TL
blades. The change in slope at 25 degrees is related to flow separation
at the blade tip which causes a local reduction in section lift and an
increase in blade tip vibratory response. The stress data of Figure 310
were plotted versus blade angle in Figure 315. Stress increased sub-
stantially at blade angles above 25 degrees independent of torque and
rotational speed. This relationship between stress and blade angle was
also observed during the static rotor tests at WPAFB and the static engine
tests at Rohr's Brown Field.
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The data presentation thus far has concentrated on the blade tip bending
gages. To show the response of inboard gages, the radial strain distribu-
tion is plotted for both high and low torque conditions in Figure 316.
The strain distribution is seen to be level to about the 70-percent span
where it increases to a maximum at the blade tip.
Figure 317 shows typical raw strain gage signals for the maximum torque of
2874 N-m (2[20 ft-lb) obtained while operating at 100-percent rpm. The
top curve, the edgewise shank moment gage 2E, shows a 3P harmonic vibra-
tory moment because of the 3P/first edgewise critical speed. The flatwise
shank gage 2F exhibited much lower amplitudes at the 3P frequency and
showed traces of high frequency noise. Gages 23 and 24 are the tip bend-
ing and tip trailing edge gages, respectively. These gage signals show
the effect of the flow separation resulting from static operation at blade
angles above 25 degrees. The flow separation and reattachment phenomena
excites blade natural modes that 'add to the base 3P vibratory signals.
Gage 61, the inboard bendin_ gage, shows a low amplitude signal with a
IP harmonic and high frequency noise component. Gage 62, the mid-blade
bending gage, shows less severe signs of the buffeting that was observed
at the tip.
The frequency content of the tip bending Gage 23 for the same operating
conditions of Figure 317 is shown in the vibratory stress amplitude spec-
trum of Figure 318. The primary response was at the 3P/first edgewise
critical speed at 85 Hz. There was a substantial response at the
frequency of 170 Hz which corresponds to the fifth natural mode (3F) of
the SR-TL blade. Other natural blade modes responded at moderate levels,
including the first, third, fourth, sixth, and seventh modes as shown in
Figure 318. Figure 319 shows an amplitude spectrum for gage 23 while
operating at 85-percent speed and the maximum torque at that speed of
2129 N-m (1570 ft-lb). The primary response at those conditions was at
the third natural frequency of 96 Hz which is characterized as the second
flatwise mode. Although for this case the buffeting response was domi-
nated by the second flatwise mode, response at other natural frequencies
was present, as shown by Figure 319. These results ace similar to the
static test results at WPAFB and static engine testing at Rohr Brown field
except that the aircraft environment induced higher 3P excitations. The
additional 3P could be the result of the intermittent 3 mps (5 knot) gust-
ing crosswind and/or the proximity of the ground plane, aircraft wing, or
fuselage.
Spectral analysis was performed on 16 test conditions to establish the
SR-7L blade natural frequencies and response frequencies. The measured
blade natural frequencies are plotted on Figure 320. This data agrees
well with spectral data obtained from the WPAFB and Rohr static tests
which showed good agreement with predicted blade natural frequencies.
As part of the ground stress survey, a power lever traverse was recorded
to obtain a fine grid of rpm conditions to locate blade critical speeds as
a function of propfan speed. The procedure for this portion of the ground
stress survey was to set the speed lever at the 105-percent position and
increase the propfan speed from 57 percent to 104 percent in 3-percent
increments with the power lever. Torque versus propfan speed for the test
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BLADE NO. 2
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Figure 317. Visicorder Plo£s of Strain Gage Signals
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conditions recorded during the power lever traverse is plotted, as dis-
cussed earlier, in Figure 308.
Figures 321 through 325 summarize the blade response during this calm wind
power lever traverse. The plots show relevant critical speeds of the
propfan blades. The tip bending strain plotted in Figure 321 and the mid-
blade strain plotted [n Figure 322 show evidence of a 4P/2F flatwise
critical speed at 86-percent propfan speed. The inboard bending gage plot
shown in Figure 323 and the shank flatwise moment plot in Figure 324
illustrate the 2P/IF critical speed at 74-percent speed. The only crit-
ical speed of significance is displayed in Figure 325 which is a plot of
the vibratory shank edgewise moment. There is a strong 3P/IE critical
speed at 98-percent speed for static ground running on the aircraft.
Crosswind Tests - As discussed earlier, the crosswind tests involved the
same power lever traverse and governing conditions as the calm wind tests,
with the additional component of a crosswind which was applied in three
directions: 135 degrees, 225 degrees, and 270 degrees (Figures 306 and
307). Crosswind static operation has traditionally been a concern during
propeller ground operation because this type of environmental condi=ion
results in unsteady, highly turbulent flow coming into the propel_er. The
turbulent flow of a crosswind excites propeller natural response frequen-
cies at resonant P-order critical speeds. The resulting P-order response
may be substantial enough to result in ground operational restrictions.
One problem with propellers with more than three blades is that the crit-
ical speeds tend to be most severe in reactionless natural propeller modes
of vibration. A reactionless mode of propeller vibration is one in which
all vibratory loads experienced by the blades are cancelled at the hub and
therefore no vibratory loads are transmitted into the aircraft structure.
When no blade vibratory loads are transmitted to the aircraft, the pilot
cannot feel that the propeller blades may be experiencing high vibration
in the crosswind environment.
Therefore, as part of the structural integrity checkout of the SR-7L prop-
fan, static crosswind tests were performed at three aircraft positions
shown previously in Figure 306. A C-130 aircraft was employed, as shown
in Figure 307, and the No. 4 propeller used as a blower to obtain steady
winds at the desired angles. Wind speeds varied from 3 mps (6 knots) to
12 mps (23 knots) during testing with the majority of runs falling in the
8 mps (16 knots) to II mps (21 knots) range. Figures 326 through 331
contain the data points that were obtained and reduced for analysis in
terms of torque and propfan speed for the 225-degree, 270-degree, and
135-degree crosswind power lever traverse and governing survey tests.
It should be stressed at this point that crosswind test conditions are
quite variable, even when a blower aircraft is employed. Figure 332 shows
a sample time history of the recorded wind speed and direction during
testing. In addition to the variability of the ambient wind during
"steady state conditions," the strength of the C-130 propeller slipstream
was varied to prevent severe overstressing of the propfan blades. Figures
333 through 335 show the average wind speed for the recorded test points
and illustrate the high variability of the test conditions.
402
L._ b_l 'L:_I
L:')
or"
E_,_:_ ,-H-
1
,NIU_£50_IN L_O_B_BIA d_l
u_
rr
i
r.,-
0..
l.w
C}
_J
0
,.--(
C,b
r
bO
e,J
cO
C_
L,
bO
403
nJ <-,j
E_DE_ E30
_ L_
_ (._
r'r _ C]:
_]
.NIU_£S 0_IW _01_gI^ d_l
', o
cD
c)
c_
z
pr
_c
O
.-..4
c_
C,.;
C_
_O
•_ _J
_J
>
,,,q
--4
, 404
C]Z] ""
L
o
Z
r-
(}..
CJ
_j
¢J
0
N
,--4
i-i
u'l
o >
Q
¢._
¢,4
=
-.,-t
405
_4
m
L3 (_3
L._ L3 (..3
-Z 0 _
CkJ r_
©
L-
0
6_
C-
u_
Z
La.
i
c_
H-N IN3NOW ),_iOIU_IBIA d_I
_a
0
_a
_j
3
0
_J
4=;
o
o
o,-I
L_
V _J
__ L,
r'h
qJ
_0
406
,_/.odoOeed
L_J L_ LJ
L_
L_g L_ L3
C'd r_
_D
G
H-N IH3WOW _OLUHBI^ d_l
t_a
o
o
o_
uJ
z
c_
r_
0
O_
tO
C
0
0
0
3
_J
Ld _0
_- u_
_J
407
o[]
[]
[]
i
[
W-N 3no_ol 3NIDN3
C_
Cm
C..
0
3:
C0
0
rJ
L.
5
CO
L,
?J
>
_J
3_
0
J
",-4
408
rm r-_ r_,
LM LI,I iii
.,11 iii I.LI
<-
rm rm rm rm
W LU W U.J
.-,< ._ .-,<
t"_ G3 r_
+ X <> <-
,-1- '¢ <,_
0
) X
+
0 0
X X
+ +
',..j
X
++
:Z3
t,111
W-N 3flOg01 3NIONg
_n
z
rr
u.
I
el.,
o,.
o
c_
.i
_j
,.,.(
0
C.)
¢M
I,.,i
0
,.,-4
o
N3
t_
>
©
--2.
409
6_
[]
[]
r--
7--J
H-N 3_0_01 3NION3
Z
i
0
L,
6d
0
3:
410
'.l.'L_J LM
,i l,t L_
d_ C_ U'3
E3ED_
_-m rm e-m rm
LI_ILI_ LI.ILI.I
ta.lU.J LM IL_
C::_LFI C:_ Ln
÷ X _b d-
_ 4
@
X
_ 4
@@
X X
I I
-:P
o
o=
iii e-i
_-N 3N0_01 3NION3
¢¢1
I
_J
_J
O
f_
',H
o
_o
_J
;>
C_
c_
411
"qF,,_'/.oc_
I
-r
! b
E]
e_
I
C.
r--J
O.,..
.C:3
'O
O
('t
t_
{"J
E'--I
%'I
_J
,-0,
O
e"1
_J
t.a
'W'i
W--N 3NO_OI 3NION3
412
_X
r--_ Q r"_ t"m
L,_I I.._ I.LI I,._
r_ t', 8_ O_
+ X _) e-
:=_ I,,/'_ ',0 I1"""
,0, 0
4-
X X ,'(
+. +
A
-0
m
o
,-L
i
H-N 3no_ol _NIQN_
0
m
I-i
e_
o
rj
e-
o
.2"
413
" Zzx  eecy
0 0 0 0 0 0
om.rj _ LrJ LrJO
0')04'1"-
mmm
C3
_lkm mm m
mF
(
- CO
C3
- I"
in
• _ I--
CO
- LO
II •
C_l
(
m _ hi
E o _ o _
o
,,o-o
¢'N
t_
t_
e_
o
u
cu
cu
_J
-cl
r_
_o
0
u
_ o
r_
414
[]
E_
[]
_7
[]
-i []
I
o
c_
J
c_
c_
g
I
c_
c_
u_
z
L
Q..
c_
nl
qJ
0
¢'4
_J
iJ
L,
qJ
_J
_J
L,
=
U_
S/W 033dg ON[M
415
[]
[]
E
[]
[]
[]
6'I _ 1.0N
C_
0
r_.
I
6_
L_
r_
r-
L_
C
r--
?J
L.
:>
0
_O
L.
"0
rL
t_
r_
..,-N
61
t_O
S/W 033d50N[M
416
_7
........
[] []
[]
[]
_7
[]
7"
Li-
t
C
_J
_J
0
0
_J
JJ
CJ _J
S/W 033dS ONT_
417
A power lever traverse was recorded for each crosswind direction using the
same procedure as the calm wind tests. Figure 336 shows the operating
torque versus propfan speed for the three crosswind directions at a
20-degree low pitch stop setting. Figure 337 shows a plot of the tip
bending (Gage 13) strain versus propfan speed for the three directions
with the calm head wind data included. All three crosswind directions
had significantly higher amplitudes than the calm head wind data. The
135-degree direction had the highest strain amplitudes in the 64-percent
to 87-percent speed range. The highest tip response at 86-percent speed
is a result of the 4P/2F flatwise critical speed. At speeds from
88 percent to 105 percent, the 225- and 270-degree positions had the
dominant amplitudes.
Figure 338 shows a comparison of the crosswind data with the calm head
wind data for the 2E shank moment gage location. The crosswind data had
higher amplitudes when. compared to the calm head wind result, but differ-
ences were not as large as the tip bending results discussed previously.
At propfan speeds below 95 percent, all moment levels remained at moderate
levels. At speeds between 95 and 105 percent, the _oments were high
because of the response of the edgewise gage to the 3P/IE critical speed
at lO0-percent speed.
Figure 339 compares the 2F shank moment gage location crosswind to the
calm head wind power lever traverse data. There is a large increase
in flatwise moment amplitude at speeds below 90 percent. This is from
the response of the 2F shank gage location to the 2P/IF critical speed
which occurs at 77-percent propfan speed and the 4P/2F critical speed at
86-percent propfan speed. The 135-degree direction had higher amplitudes
in this range compared to the 225- and 270-degree directions. This was
also observed in Figure 337 where the 135-degree direction had the
greatest tip strain amplitude at speeds below 87 percent.
Figures 340, 341, and 342 contain IRP strain data for the tip bending
gage (Gage 13) versus blade angle for the 225-degree, 270-degree, and
135-degree directions, respectively. As was the case for the calm head
wind static governing tests, the tip bending gages had the highest
response of any location on the blade. Because the low pitch stop was
set at approximately 20 degrees, there is no blade angle data below that
setting. Comparing these plots to the calm head wind plot of Figure 315,
there is more scatter in the data and the strain amplitude is higher for
all three crosswind directions in the 20-degree to 25-degree blade angle
range. Crosswind data points that were above 30-degree blade angle had
strain levels that were equivalent to the calm head wind data at similar
conditions. The 135-degree wind direction produced the highest strain
levels at blade angles less than 25 degrees.
Taxi Tests - The taxi tests consisted of a high-speed feather run and two
buffet boundary exploration runs. The high-speed feather test showed no
prop rotation during the taxi run indicating that the feather angle was
correct to prevent rotation during feathered flight.
As illustrated in Figure 343, the buffet boundary exploration showed that
increasing taxi speed improved the blade buffet response to a greater
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extent than indicated by SR-TA aeroelastic model tests. However, aircraft
handling problems due to asymmetric thrust during these low-speed, high-
power taxi tests prevented further exploration of the buffet response.
8.2 FLIGHT CHECKOUT TESTS
8.2.1 Propfan Off
Flight airworthiness tests were conducted on the PTA testbed without the
propfan blades installed to evaluate the effects of the PTA modifications
on the basic GII characteristics and to clear the operational envelope at
speeds up to VDF/MDF.
8.2.1.1 Systems Functional Tests
Following completion of the taxi tests on 5 March 1987, first flight was
accomplished on 6 March 1987 at the Gulfstream Aerospace facility in
Savannah, Georgia. Systems functional tests were accomplished at speeds
up to 123 mps (240 KIAS) and altitudes of 4,572m (15,000 ft) and 7,010m
(23,000 ft). All normal systems checks were accomplished including
shutdowns and airstarts of each Spey engine. On 13 March 1987 additional
systems functional checks were accomplished during the ferry flight from
Savannah to Dobbins AFB. All systems operated normally within the
allowable speed-altitude range of 129 mps (250 KIAS)/Mach 0.54 and 7,620m
(25,000 ft).
8.2.1.2 Flight Flutter Tests
The initial flight flutter tests were conducted with the propfan blades
removed to evaluate the effects of the PTA modifications on the basic GII
aeroelastic response characteristics and to clear the PTA testbed at
speeds up to 186 mps (362 KCAS)/Mach 0.89 (VDF/MDF).
As shown in the table below, seven speed conditions were accomplished at
approximately 4,877m (16,000 ft) and six were accomplished at 8,534m
(28,000 ft). At each speed condition, aileron, rudder, and elevator
control pulses were performed to excite the various structural modes.
Accelerometers, strategically placed throughout the aircraft structure,
measured aircraft response and provided information for engineers in the
telemetry ground station to establish aircraft frequency and damping
characteristics. These data showed that the PTA testbed, without the
propfan blades installed, was flutter-free throughout the speed/altitude
envelope up to VDF/MDF.
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8.2.1.3
FLUTTER TEST CONDITIONS
ALTITUDE AIRSPEED MAC}{ NUMBER
METERS (FT ) MPS (KEAS) M
4,877- (16,000)
4,877 (16,000)
4,877 (16,000)
4,877 (16,000)
4,877 (16,000)
4,724 (15,500)
4,572 (15,000)
8,534 (28,000)
8,534 (28,000)
8,534 (28,000)
8,534 (28,000)
8,382 (27,500)
8,230 (27,000)
}{andling Characteristics
129 (250) 0.513
139 (270) 0.554
149 (290) 0.596
159 (310) 0.636
170 (330) 0.678
176 (342) 0.695
182 (353) 0.710
134 (260) 0.690
144 (280) 0.738
154 (300) 0.798
165 (320) 0.850
170 (330) 0.865
176 (342) 0.890
Concurrent with the conduct of flight flutter tests, handling character-
istics of the PTA testbed were appraised with the propfan blades removed.
Following clearance from monitors in the telemetry ground station, at each
of the flutter speed conditions, the following handling characteristics
tests were accomplished.
Longitudinal trim
Directional trim
Lateral trim
Dynamic longitudinal stability
Dynamic lateral-directional stability
Results of the tests showed that the effects of the PTA modifications on
the basic GII handling characteristics were negligible in all areas except
lateral trim. As predicted from wind tunnel data, the left wing was heavy
at speeds below 103 mps (200 KCAS), and the right wing was slightly heavy
at higher speeds. This reversed again, however, at Mach numbers higher
than about 0.85 due to transonic flow effects.
8.2.1.4 Test Airspeed System Calibration
The test airspeed system was calibrated, concurrent with the initial
flight flutter tests, using a NASA-owned T-38 chase airplane as a refer-
ence. Tests were conducted at 4,877m (16,000 ft) for airspeeds ranging
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from 129 mps (250 KIAS) to 180 mps (350 KIAS) and at 8,534m (28,000 ft)
for airspeeds up to Math 0.79. Prior to each test flight, ground block
records were obtained on the PTA and chase aircraft to determine any
initial altimeter differences which must be accounted for in the reduction
of the test results.
Results of the calibration tests are presented in Figure 344 in the form
of a pressure coefficient correction (Ap/q) versus indicated Math number.
The broken line represents the predicted position error correction based
on data obtained by Gulfstream on their GIV flight test airplane with a
similar nose boomconfiguration. These data were used in the conduct of
all subsequent test flights and were also used in the reduction of flight
test results.
8.2.2 Flight Airworthiness - With Propfan Blades
Flight checkout tests were conducted on the PTA testbed with the propfan
blades installed to clear the flight envelope at speeds up to 186 mps
(362 KCAS)/Mach 0.89 !VDF/MDF). The tests consisted of a functional
checkout of the propman propulsion system, flight flutter clearance,
airplane handling characteristics, and structural integrity of the LAP.
8.2.2.1 Propfan Propulsion System Functional Checkout
Ground Tests - The entire propfan propulsion system was thoroughly
checked-out on the ground prior to flight tests. The objective of these
ground tests was to functionally check all systems associated with the
propfan propulsion system operation. Tests included:
The satisfactory performance of the starter and associated elec-
tronic controls
Verifications of the ability of the propfan and drive system
control system to govern or maintain constant speed steady state
power conditions
o Verification of satisfactory transient response characteristics
Functional checkout of the instrumentation, recording, monitor-
ing, and display systems
In preparation for these tests, the PTA engine underwent a dry-motor water
wash to clean the preserving oil from the compressor and turbine prior to
the initial wet motor of the engine. The wet motor check was then con-
ducted, verifying the integrity of the oil and fuel system plumbing.
After the wet motor check had been completed, the engine was started and
run at idle; the following shutdowns were accomplished:
o Normal
o Manual fuel
o Mechanical fire handle
o Fire T-handle
o Simulated overspeed
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During the initial checkout, all
problems discovered in the Brown
corrected.
systems functioned as intended. Minor
Field tests were shown to have been
Starting - Satisfactory starting was accomplished utilizing the Spey
engines as the pneumatic bleed source.
Propfan Balance - The propfan was installed on the propulsion system in
the same configuration, including balance weights, that existed for the
Brown Field tests. After the initial balance run, it was determined that
no additional propfan balancing was required.
Low Power Governing Check - The low power governing check indicated that
the propfan governor and blade low pitch stop required adjustment. The
low pitch stop was adjusted to 20 degrees, and the governor was adjusted
in order to reach 105 percent Np. Both were verified on subsequent runs,
Transient Response - Both rapid and slow throttle and prop speed control
lever inputs were made. Slow movement of both the throttle lever and prop
control lever produced, as expected, a benign system response. The prop
speed lever Z-second traverse, which was the maximum input rate capability
of the electromechanical actuator, resulted in approximately a 3-percent
N_ overshoot, but quickly stabilized. A rapid throttle input of aboutF
1 second resulted in approximately the maximum torque rate change of 2 to
3 seconds permitted by the electronic engine control. The maximum over-
speed observed was 8-percent N_. The system functioned essentially as it
had during the Brown Field tests.
Test Results Summary - The PTA propulsion system functioned normally
during the checkout tests. Propfan blade stress remained within limits rlp
to a maximum power of 3855 kw (5170 shp).
During transient testing, a power turbine overshoot of 8 percent was
experienced which occurred using a step increase in power lever. This
was not, however, considered to be a significant problem. The transient
response to prop control lever was excellent. In general, transient
response testing verified stable, predictable response of the engine power
and propfan speed control.
Fluid cooling, both propfan hydraulic fluid and engine oil, were satisfac-
tory. Nacelle cooling and ventilation were satisfactory.
All systems functioned in the same manner as experienced at Rohr during
static testing, with much better performance from the propfan electro-
mechanical actuator and linearity of the power lever potentiometer.
Installed power estimates showed that sufficient power was available to
provide the required disk loading of 257 kw/m 2 (32 shp/Dp 2) at I0,668m
(35,000 ft), Math 0.8.
8.2.2.2 Envelope Clearance Flights
The PTA propfan propulsion system was started in flight for the first time
at an airspeed of 103 mps (200 KIAS) and at a pressure altitude of 1646m
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(5400 ft). The start was normal, and the maximummeasuredgas temperature
(MGT) was 520"C (968"F). After the engine stabilized at 80 percent Ng, it
was shut down to verify proper systems operations and cockpit procedures.
The shut-down was normal including propfan feather operation.
The engine was restarted at the same flight conditions, and all engine
parameters indicated normal operation. However, during climb through
3,048m (I0,000 ft), while propfan governing checks were being accom-
plished, the PTA fire warning system activated. The PTA propulsion system
was immediately shut down using the fire handle. All emergency shutdown
systems functioned properly. No smoke or fire was observed by the chase
plane, and the fire warning light went out.
Analyses of aft nacelle temperature data indicated that the aft compart-
ment temperatures had exceeded the set point limit of the fire detector
system (approximately 430"C (806"F). Examination of additional data
showed that, while there was no fire, temperatures in the compartment had
reached values higher than allowable. Post-flight visual inspection also
revealed evidence of soot around the inlet of the cooling air scoop for
the aft nacelle compartment implying a back flow through the air scoops.
Since this problem only occurred in the high Mach number part of the
flight test envelope, the decision was made to continue flight tests at
the lower Mach numbers with careful monitoring of temperatures while
various "fixes" for the overheat problem were tried. Ram air scoops were
added to the flush inlets of the aft nacelle, but this did not completely
eliminate the problem.
After several flights, it was determined that the problem stemmed from the
tendency of hot gasses from the engine exhaust to "puddle" in separated
flow regions around the nacelle base and thence find their way back into
the aft nacelle compartment. This puddling resulted because, in the
initial design of the propfan propulsion system, the decision was made to
size the engine tai!pipe area for near-maximum shaft power. Thus the jet
exhaust had little axial momentum to carry the hot gasses completely away
from the nacelle base. Following a strategy of evaluating "fixes" of
progressive complexity, a barrier to the hot gas backflow was introduced
by attaching sheet metal sections to the nacelle base to reduce the
annular area around the tailpipe. This was helpful but did not completely
solve the overheat problem. An effective fix was ultimately developed by
fabricating a short extension to the tailpipe (shown in Figure 345). The
extended tailpipe was used in subsequent high Mach number flights, and
nacelle compartment temperatures stayed well within the allowable range.
The engine oil cooling system functioned as expected with the system auto-
matically maintaining the oil temperature within the desired operating
range of 75"C to 85"C (167"F to 185"F). The propfan fluid cooling system,
although fuel flow dependent, maintained the fluid well within the 85"C
(185°F) continuous operating temperature limit.
8.2.2.3 Flight Flutter
Flight flutter tests with the propfan propulsion system operating were
conducted using the same test procedures and at the same flight conditions
432
ORIG.INAL PA(3E
BLACK AND WHITE PHOTOGRAPH
O
CJ
4,J
eJ
[._
r..:l
,A
b.O
433
as the blades-off flutter tests (Section 8.2.1.2). For these tests, the
propfan was operated at I00 percent N and Maximum Continuous power. The
tests were accomplished without incident throughout the speed range from
129 mps (250 KCAS) up to V__/M__. The fuel load was maintained between
3,628 kg and 5,897 kg (8,00_ _ a_ 13,000 ib) which was the most critical
from a structural damping standpoint.
Accelerometer transducer outputs were monitored in the telemetry ground
station by flutter engineers. Each speed point was analyzed prior to
granting approval to proceed to the next higher speed.
Results of the tests showed that the PTA testbed with the propfan propul-
sion system operating was flutter free at all operational speeds up to
VDF/MDF"
8.2.2.4 Handllng Characterlstlcs
Like the flight flutter tests, the aircraft handling characteristics tests
with the propfan installed used the same techniques and procedures as the
blades-off tests described in Section 8.2.1.3.
Test results of the handling characteristics agreed very well with predic-
tions from wind tunnel data and those based on Gulfstream GII data. There
were no flight restrictions as a result of handling characteristics tests.
A summary of results is presented as follows:
Static longitudinal stability was essentially the same as the
basic GII.
O
Dynamic longitudinal characteristics were well damped. However,
there was a tendency for the PTA testbed to roll during pitching
maneuvers due to the lateral offset of the center of gravity.
O Like the GII, the PTA tes tbed experienced a "Mach tuck"
(undesirable reversal of stick force/velocity characteristics in
high speed flight) at approximately 0.82 Math number.
O
Dynamic lateral-directional characteristics substantiated predic-
tions and were very similar to basic GII damping data. The yaw
damper was a requirement for operations above I0,668m (35,000 ft)
with a Spey engine inoperative.
Results of lateral trim tests were very similar to those obtained
with the propfan blades removed. At speeds below 103 mps
(200 KCAS), the left wing was heavy; at speeds above 103 mps
(200 KCAS) the right wing was heavy; and at speeds above about
0.86 Math number, the left wing became heavy again.
8.2.2.5 Envelope Clearance for Propfan Blade Stresses
Test Description - Throughout the propfan functional tests, flight flutter
tests, and handling characteristics tests, a Hamilton Standard flight
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analyst on board the test aircraft monitored propfan blade stresses and
substantiated that stresses did not exceed allowable limits.
Aeroelastic clearance of the propfan for the PTA operating envelope
was established using the matrix of 21 steady state test points shown
in Figure 346. All of the test points with the exception of one--the
Math 0.89, 8,534m (28,000 ft) point--were run at maximum continuous power
and lO0-percen_ propfan rpm. In addition, a traverse of the propfan rpm
operating range was conducted at a Mach 0.675, 8,534m (28,000 ft) altitude
flight condition in order to search for any critical speed response. The
rpm traverse was conducted at two engine torque settings, 475 N-m
(350 ft-lb) and 2061N-m (1520 ft-lb).
In order to evaluate the aerodynamic stability of the PTA aircraft with
the propfan installed and producing thrust, a series of aircraft transient
response tests were performed at selected flight operating conditions.
These tests consisted of observing and recording the aircraft response to
maneuvers such as elevator and rudder doublets, right and left 30-degree
banked turns, pull-ups, push-overs, and nose right and left sideslips.
These maneuvers also resulted in time-dependent changes of the aerodynamic
inflow conditions at the propfan rotor. The aerodynamic variation
experienced by the propfan during these maneuvers resulted in increased
vibratory response of the blades in some instances. Therefore, blade
strain gage data was acquired during these aircraft transients and was
analyzed to ensure that the increases in vibratory stress were the result
of forced response and not aeroelastic instability.
A simulated PTA engine failure was performed by a step change in the
power lever position which resulted in a reduction of engine torque from
2983 N-m (2200 ft-lb) to the minimum level of [225 N-m (350 ft-lb). A
14-percent underspeed resulted; however, propfan speed recovered to within
2 percent of the setpoint within 2 seconds, and the transient damped out
quickly thereafter. This was the most severe transient to which the
propfan was subjected. The blade angle rate of change measured during
this transient was approximately 8 degrees/second which compares very
favorably to the design slew rate of 9 degrees/second.
Test Results - Reduction of the vibratory stress data acquired during the
flight envelope clearance portion of the flight checkout testing included
generation of brush charts of the peak stresses, spectral plo_s and
visicorder plots of the total strain signal.
The infrequently repeating peak (IRP) vibratory stress was estimated from
the brush charts for each test point. Experience has shown that the IRP
value is a good measure of the maximum amplitude of a given data sample
and is the value which is compared to vibratory strain limits. Brush
charts of the peak stress were generated for all of the 21 operating
points depicted in Figure 346. The brush charts depict the stresses
measured at gage locations IE, IF, II, 13, 19, 2E, 2F, 23, 24, 43, 44, 6E,
6F, 61, 62, 63, 65V, and 66V. These gage locations were deemed sufficient
to completely define the vibratory stress distribution for the blade at
any operating condition. The IRP values of the IP components of the
shank moments were also determined for all of the operating points of
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Figure 346. This was accomplished by first filtering the total strain
signal from gages IE, IF, 6E, and 6F, using a 35 Hz low pass filter, prior
to determining the IRP stress.
Data gathered during the test points of Figure 346 allowed the distribu-
tion of IRP stress in the blade structure to be plotted as functions of
indicated airspeed. These plots are presented in Figures 347 through 349.
The trend in the variation of IRP stress with airspeed illustrated by
these plots is that the maximum stress at a given gage location occurred
at the minimum and maximum airspeeds in the range and reached a minimum at
129 mps (250 KIAS) to 155 mps (300 KIAS). This trend can be explained
by the IP excitation that occurs during flight. The magnitude of the
IP excitation is proportional to the inflow angle and the square of the
equivalent airspeed. At low airspeeds, the high angle of attack needed to
maintain level flight causes a large excitation. At high airspeeds, the
angle of attack is reduced, but the velocity squared term keeps the exci-
tation high.
The variation of the IP component of the blade shank moment as a function
of airspeed is compared to the variation of the total vibratory blade
shank moment with airspeed in Figure 350. The shank moments are seen to
be predominantly IP at low airspeed. However, higher order components are
more significant at higher speeds as seen by the differential between the
IP and total vibratory moments at the high speed end of the curves. Since
the IP components of the shank moments were determined for the flight
envelope clearance points, extensive spectral analysis of the data taken
was not considered necessary. A large number of spectral plots were gen-
erated for data taken during the flight research portion of the testing.
The variation of the IRP vibratory stresses and shank moments with torque
and altitude are shown in Figure 351. As the aircraft altitude increased
from I 524m (5,000 ft) to i0 668m (35,000 ft) at the 1.3V_ airspeeds,
the maximum continuous torque the PTA engine was capable of producin_
decreased by almost 50 percent. The large changes in torque and altitude
had a minor effect on vibratory stress levels because the 1.3V_ speeds
represent an operating line of constant dynamic pressure and _ngle of
attack. Therefore, the IP excitation remained almost constant.
The effect of an rpm traverse on the vibratory stresses and shank moments
is shown in Figure 352. With decreasing speed, there was a rise in
vibratory stress level at low rpm as the rotational speed approached
the 2P/IF critical speed, which occurred at approximately 77 percent
propfan rpm. At rotational speeds above 90 percent, there was little
change in vibratory stress levels with rpm.
The blade shank vibratory bending moment response to a sideslip maneuver
is illustrated in Figure 353. The edgewise shank gage did not respond,
while the flatwise gage amplitude nearly doubled. The response of the
flatwise shank gage is a result of the increased IP excitation which is
related to the inflow angle of the air with respect to the propfan plane
of rotation. The left and right sideslips did not increase the flatwise
response equally because of the asymmetric effects the PTA nacelle and
Gulfstream fuselage had on the propfan flow field. The frequency spectrum
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of Figure 354 for the nose-left portion of the sideslip maneuver shows
that the main vibratory component was IP or first harmonic of rotation.
All higher frequency components were nearly an order of magnitude lower in
amplitude.
Figure 355 shows the flatwise and edgewise bending response to an elevator
doublet maneuver. Again, the flatwise gage showed a significant response,
but the edgewise gage did not respond to the IP excitation. The spectrum
plot of Figure 356 showed that the response was again predominantly IP
with no significant higher harmotILcs.
Figure 357 illustrates the response to a shutdown that occurred, due to an
engine compressor stall at 12,192m (40,000 ft) as the aircraft was being
decelerated to 1.3V_. As the blade angl_ increased to feather, the
vibratory stress increased from 5,516 x I0- N/m 2 to 20,685 x I01 N/m s
(800 to 3,000 psi); then decreased; then peaked again at 15,169 x I0j N/m 2
(2,200 psi). Visicorder plots of the first and second stress peaks ®f
Figure 357 are shown on Figures 358 and 359, respectively. The first peak
of Figure 357 responded at the 2P/IF critical speed as the pr_pfan speed
passed through 1050 rpm. The 2P response is apparent in the visicorder
plots of Figure 358. The visicorder plots of the second stress spike on
Figure 359 show a critical speed response at the 3P/IF mode crossover as
the propfan speed decelerated through 600 rpm.
None of the test points in the matrix of Figure 346 resulted in IRP stress
greater than the allowable maximum continuous vibratory stress levels for
the SR-7L. Analysis of the flight maneuver transient cases revealed
normal forced response activity. No aeroelastic instability was detected.
This constituted clearance of the flight envelope.
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9.0 FLIGHT RESEARCH TESTS
The flight research test program was subdivided in four phases:
o
o
o
o
High altitude tests
Low altitude tests
En route noise tests
Cabin interior acoustic treatment tests
In each phase there were different test emphases as pointed out in the
following paragraphs.
High Altitude Tests - These were the basic tests for propfan blade
stress measurements, but they also were a major part of the acoustics
tests. They covered a speed-altitude envelope typical of that experienced
by commercial transport aircraft in climb-out and cruise operation.
Altitudes ranged from 1,524m (5,000 ft) to 12,192m (40,000 ft) and Math
numbers from 1.3 times stall speed to Math 0.85. Propfan power and speed
matrix variations were performed at a large number of flight conditions
within this flight envelope. Nacelle tilt angle was also a primary
variable. Near-field noise measurements were made concurrent with the
blade stress measurements. These included measurements of sound pressure
levels on aircraft surfaces and fluctuating pressure levels on surfaces in
the propfan slipstream.
Low Altitude Tests - These tests were made primarily to measure the
FAR 36 type noise characteristics of the propfan. Ground microphones were
arrayed to measure flyover and sideline noise for several flight
altitudes, several nacelle tilt angles, and a matrix of propfan power and
rotational speeds. Propfan blade vibratory stresses were also recorded.
En Route Noise Tests - Tests were performed in cooperation with the
FAA to measure ground noise for flyovers at altitudes of 6,096m <20,000
ft) and 10,668m (35,000 ft). The primary purpose of these flights was to
evaluate an analytical model for atmospheric absorption of noise. In
order to define source noise not yet affected by the atmosphere, NASA flew
an instrumented Learjet in formation with the PTA aircraft at separation
distances of approximately 152m (500 ft). All ground data were recorded
by the FAA and will be reported by that agency.
Cabin Interior Acoustic Treatment Tests - Under a separate NASA con-
tract, the California Division of the Lockheed Aeronautical Systems
Company developed an advanced cabin wall treatment system employing the
tuned resonator concept for noise reduction. An enclosure was built,
using this wall treatment, that was small enough to fit snugly inside the
PTA fuselage. Flight tests were then flown to measure the effectiveness
of this treatment. All tests were flown at simulated cruise conditions.
The flight research tests were reported in detail in Reference [0(a).
Highlights of the results will be discussed in the sections that follow.
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9. I PROPFAN BLADE STRUCTURAL EVALUATION TESTS
9.1.I Objectives and Scope
The objectives of the propfan blade structural evaluation tests were to
measure propfan blade structural data within the PTA operational envelope
to assess the effects on blade stressing of:
o Airspeed
o Altitude
o Torque
o Rotational speed
o Nacelle tilt
The flight test envelope and test points obtained are shown in Figures 360
through 362. Blade stress data were obtained for all the points shown.
The letters identifying each point and the inset tables show the matrices
of power and rotational speeds obtained for these points.
9.1.2 Test Procedures
All of the high altitude tests were flown from the Lockheed flight test
facilities at Dobbins Air Force Base, Marietta, Georgia. The general test
technique was to measure blade stress and acoustics data concurrently at
each test point. Data were recorded for approximately 60 seconds after
the aircraft was stabilized on a test point. The Spey engine on the left
side of the aircraft was always operated at the lowest power setting
needed to maintain level flight so that the propfan noise signal would be
as strong as possible relative to the background noise.
9.1.3 Results and Discussion
9.1.3.1 Blade Stress
Data from strain gages on the propfan blades were reduced to obtain "data
sample averages" (DSAs) of the total vibratory strain at a stabilized
flight condition. Figures 363 through 365 show DSA values measured over
the entire flight envelope for the three nacelle tilt values. It can be
seen that nacelle tilt had a large effect on the vibratory response of the
propfan blades.
Figure 366 shows the typical frequency content of the measured vibratory
response of the blade inboard bending strain gage during flight. The
figure shows that the response is dominated by response at integer
multiples of the rotational speed and that the first harmonic (IP) domi-
nates the response. A comparison of measured and calculated mid-chord
strain for the above and other conditions will establish the relative
importance of the strain gage locations and the harmonic content of their
response.
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Figures 367, 368, and 369 show calculated and test IP and 2P vibratory
strain plotted versus nondimenslonal blade radius for nacelle tilt angles
of -3, -I, and +2 degrees, respectively. These data are for the Mach 0.3,
1500m (5000 ft) flight condition. As can be seen on all three figures,
the measured IP strain distribution exhibits a peak near the 42-percent
radial station, and the strain decreases toward the blade tip until the
outermost strain gage shows a slight upward trend in measured strain. The
calculated strain follows a similar distribution but at a 15-percent
higher level inboard on the blade tapering to 5-percent higher in the mid-
blade region and showing lower strain at the blade tip. The calculation
does not show the strain rise at the blade tip, indicating that the local
tip loading is higher than predicted. This is possibly due to some three-
dimensional and/or vortex action as evidenced in previous tests that is
not included in the current aerodynamic methodology.
The 2P correlation was good for the -3 degree and -I degree nacelle tilt
angles and underpredicted in the tip region of the blade at the +2 degree
nacelle tilt angle. The +2 degree nacelle angle 2P results are trivial
because of the low amplitude response of the 2P harmonic at that condi-
tion.
Figure 370 shows curves of the test and calculated 3P and 4P vibratory
strain versus nondimensional radius for nacelle tilt of -I degree at the
same flight conditions. The strain scale of Figure 370 has been reduced
to I00 micro-strain because of the low amplitude response of the third and
fourth harmonics. The 3P harmonic is overpredicted, and the 4P harmonic
underpredicted. The majority of the predicted test points gave similar
results for the 4P harmonic; both calculated and measured amplitudes were
at negligible levels.
The Campbell plot, Figure 320, obtained from PTA ground testing, shows a
3P/first edgewise critical speed at [00-percent propfan speed. All of the
test points chosen for predictions are at lO0-percent propfan speed with
the exception of the points selected to analyze the effect of propfan
speed. As shown by Figure 370, the 3P predictions at 100-percent speed
overpredict the strain values because of this critical speed. This
overprediction arises from the lack of damping in the structural and
aerodynamic model of the SR-TL blade used in the prediction code. The
exact location of the 3P critical speed changes with each unique operating
condition, and as a result the degree of error at the lO0-percent speed
condition changed greatly from case to case. Since the test data shows
that the primary vibratory blade strain is at the IP frequency and that
the highest strain occurs on the inboard portion of the blade, the
remaining flight test discussion will focus on IP inboard blade and shank
response trends.
The reason for the IP propfan vibration is as follows. When a propfan is
operating in a uniform flow perpendicular to the disc, each blade is
subjected to the same relative velocity at the same angle of attack, and
therefore, no vibratory loads are generated. When the flow enters the
propfan disk at an angle, the blades now encounter relative velocities at
angles of attack that are a function of azimuth. The angularity of flow
is caused by yawing or pitching of the propfan shaft with respect to the
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air. For each revolution, the local blade section llft varies
sinusoidally, reaching a maximum and minimum for each half revolution.
This vibratory load results in IP vibration. The IP loading on the
propfan is directly related to the freestream dynamic pressure and the
inflow angle into the propfan, giving rise to the definition of excitation
factor:
EF = _x (VKEAS/348)2
Where:
= Inflow angle
VKEAS = Equivalent airspeed in knots
EF is used as an indicator of the severity of the IP flow environment.
The SR-TL was designed for an EF of 4.5.
As illustrated by the definition of EF, the key parameters that influence
blade IP response are equivalent airspeed and nacelle tilt (inflow angle).
Other secondary parameters are power, Mach number (compresslb[l[ty),
and rotational speed. The effect that equivalent airspeed and nacelle
tilt have on the blade response is shown in Figures 371 and 372 for low
altitude climb condition and a high altitude cruise condition. The
general shape of the response curves with equivalent airspeed is similar
for both altitudes. For the -3 degree tilt angle, the strain level
initially decreases with airspeed and then begins to increase rapidly as
airspeed increases, while the -i degree tilt curves show relatively flat
response with a slight decrease in strain at an intermediate airspeed.
The +2 degree tilt angle shows a steady decrease in strain over the entire
airspeed range. The importance of nacelle tilt is brought out when the
design cruise condition of 134 mps (Mach 0.8, 35,000 ft) is examined in
Figure 372. A 2 degree decrease in tilt from -I degree to -3 degrees
nearly doubles the blade response. Proper choice of tilt angle signif-
icantly affects the overall design of an installation.
To further clarify the relationship between excitation factor and blade
response, the relative excitation factor for the three nacelle tilt
angles, in pitch only, is illustrated in Figure 373. Changes in the
magnitude of vibratory response correspond to the absolute value of the
excitation factor. The blade response reaches a minimum when the EF
passes through zero. The -3 degree nacelle tilt EF passes through zero
at the lowest airspeed while the +2 degree nacelle tilt EF never passes
through zero. Comparing Figure 373 to Figures 371 and 372 leads to _he
conclusion that the trend of propfan response to changes in nacelle tilt
angle is as expected.
The sensitivity of blade response to nacelle tilt is shown in Figures 374
and 375 along with a comparison to predicted values of strain. Figure 374
shows the IP and 2P response variation with nacelle tilt for an initial
climb condition of maximum continuous power at Mach 0.3, 1.5 km (5000 ft).
The IP strain increases with increasing tilt angle at a rate of
approximately 25 micro-strain per degree of tilt.
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Figure 375 shows the IP and 2P response variation with nacelle tilt for a
cruise condition of Math 0.8, 10.7 km (35,000 ft). In this figure, the
measured IP strain forms a parabola around the -I degree tilt angle with a
strain increase of approximately 60 micro-strain per degree of tilt on
either side of the minimum. The increased sensitivity at high speed is
due to the high dynamic pressure at these conditions and can be related
back to the EF which shows a linear increase with tilt but a quadratic
increase with equivalent airspeed. In both figures, the 2P strain is low
and relatively unaffected by the large nacelle tilt changes.
The correlation of predicted and measured IP strain is better at the
low-speed conditions in Figure 374 than at the high-speed conditions
in Figure 375. To get a better understanding of why the meas_tr-d and
predicted values differ, the excitation factors resulting from the calcu-
lations were examined for a number of operating conditions. The computed
excitation factors show that for the calculations to better correlate with
measurements, _he assumed down tilt would have to be increased. This
suggests two areas in need of improvement that would ultimately improve
the coTrelation. One is that the nacelle tilt used in the calculation of
the flowfields could be improved, and secondly, the measurement of air-
craft pitch and yaw angles could be improved. It should be noted that the
aircraft pitch and yaw measurements have an accuracy of ±0.5 degree, and
these values are used directly to compute the flowfields needed for the IP
calculations. In terms of accuracy of the predictions, this puts an error
band of ±15 micro-strain around the 1.5 km (5000 f=) calculations in
Figure 374 and an error band of ±30 micro-strain around the 10.7 km
(35,000 ft) calculations in Figure 375.
After equivalent airspeed and nacelle tilt, power has the greatest effect
on blade lP response. Power is a factor because the cyclic loads are
influenced by the propfan induced flow. As power is raised, the induced
flow increases causing the [P loads to increase. At low-speed climb
conditions, the loads increase approximately with the square root of
the power ratio. As flight speed increases, induced flow becomes less
important, and the rate of increase with power falls off. Figure 376
shows the effect that engine torque, which at constant rotational speed is
synonymous with power, has on the low-speed and high-speed [P response of
the propfan. As shown, at low speed the strain increases at approximately
the square root of the power ratio, but at high speed power has very
little effect on the response. Calculations were performed at the low-
speed conditions. The calculations show a similar, but not as strong,
effect as displayed by the test data. The differences between test and
analysis become substantial at low power where the propfan is almost
windmilling.
To gain an understanding of the importance of a calculation scheme that
assumes consistent blade deflection and loads, the maximum camber values
were plotted versus nondimensional blade radius for the above torque con-
ditions on Figure 377. There was a substantial increase in camber as
torque was increased, especially at span locations below 75 percent.
Since camber is a function of the chordwise curvature, it is directly
related to the chordwise bending deflections. This figure illustrates the
importance of the calculation of the steady state blade deflected position
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because of the impact the deflections have on camber and therefore aero-
dynamic loading.
The IP and 2P calculated flatwise shank moment amplitudes are plotted in
Figure 378 along with test data versus percent propfan speed at Math 0.3,
1.5 km, and maximum continuous power. Both test results and calculations
show that rotational speed has little effect on the IP response. Through
some analytical steps it can be shown that the change in IP loading for
a propfan blade is not directly related to the relative blade section
velocity, which contains both freestream and rotational speed components,
but is directly related to the freestream velocity as implied by the
excitation factor and shown in the data.
The comparison in Figure 378 of 2P test data to calculated values corre-
lates well at propfan speeds above 88 percent. At 78-percent speed, the
calculated amplitude was substanti_lly overpredicted. This result is due
to the fact that the structural model of the SR-7L blade had no damping
properties, and operating at 78-percent speed, the blades are near the
2P/IF critical speed. The 2P test data did not show a large increase in
amplitude as the propfan speed was decreased to 78-percent speed. The
calculated 2P curve peak location suggests that the calculated 2P/IF
frequency is too high.
Figure 379 shows the IP, 2P, and 3P flatwise shank moment test data
plotted versus percent propfan speed at the design cruise point and
maximum continuous power. The high-speed conditions show similar amounts
of [P and 2P excitations for the -I degree tilt angle and negligible 3P
excitation.
_igure 380 shows curves of 3P and 4P edgewise shank moment variation with
propfan speed for the Math 0.3, 1.5 km condition discussed above. The
3P amplitude is overpredicted at the 3P/IE critical speed near 100-percent
propfan speed and correlated well at speeds up to 94 percent. Again, as
was the case with the 2P critical speed, the calculated 3P amplitudes are
much higher than test values at resonance (critical speed) because of the
lack of damping in the blade model. It also appears that the calculated
3P/[E resonant frequency is too low, considering where the 3P amplitude
peak is located by the test data.
The 4P calculations shown in Figure 380 are in reasonable agreement with
test data although the amplitude levels are low compared to the first two
harmonics of propfan speed.
The lack of influence of compressibility on IP response is shown in
Figure 381 where blade strain is plotted against Math number for the same
equivalent airspeed. The test and analysis conditions used to create
this plot are all at 100-percent rotational speed, constant equivalent
airspeed of 129 mps (250 KEAS), but at different altitudes so that the
speed of sound changed. The only factor that could not be held constant,
although it would have been desirable, was power, which was decreasing
with Math number. The 2P amplitude decreased as the Math number increased
and torque decreased. At the equivalent airspeed of 126 mps and the
-3 degree nacelle tilt angle, the IP excitation is near the minimum value
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at the tested altitudes. This low excitation factor results in low IP
amplitudes over the wide Math number range tested.
9.1.3.2 Aerodynamic Performance
Power coefficients derived from data taken during Flight Numbers 13, 15,
and 19 are presented as a function of blade angle and are compared to
predictions in Figures 382, 383, and 384. A smooth variation of power
coefficient with blade angle was observed. The discrepancy between the
measured and predicted power coefficient distribution is attributed
to inaccuracies in the measurement of blade angle and the measured
parameters; torque, rpm, airspeed, and density ratio; which are used to
compute power coefficient and advance ratio. Periodic checks of the blade
angle calibration, which were conducted during the course of the test,
indicated up to a ±i degree potential error in measured blade angle. A
system accuracy analysis, which considered the individual errors in each
of the measured quantities, indicated that a possible overall error of
±.09 was possible in power coefficient. In addition, the effect of blade
deflections were neglected in the aerodynamic performance calculations for
these off-design operating cases.
9.2 NEAR-FIELD NOISE TESTS
9.2.1 Objectives and Scope
The objectives of the high-altitude, near-field noise tests were to
measure acoustic data on the surfaces of the wing and fuselage, on the
wing acoustic boom, and in the dabin, in enough detail to define:
Source noise characteristics
Source pressure levels on the fuselage surface
Fluctuating pressure levels on surfaces in the propfan wake
The relative importance of airborne and structureborne noise
The basic flight test envelope and test points obtained were shown in
Figures 360 through 362. The letters identifying each point and the inset
tables show the matrices of power and rotational speeds obtained for those
points.
Figure 385 shows another set of test points obtained for flights with the
propfan blades removed. These tests were performed to evaluate background
noise and provide a basis for removing this background noise so that noise
for the propfan alone could be obtained. Finally, Figure 386 shows test
points at which cabin noise surveys were made with the TRAM.
9.2.2 Test Procedures
Test procedures were the same as those for the high-altitude blade struc-
tural evaluation tests.
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9.2.3 Results and Discussion
9.2.3.1 Sound Pressure Levels
The sound pressure levels (SPLs) measured on the fuselage and acoustic
boom included contributions from the propfan, the propfan drive system,
the Spey engines, surface boundary layer, and miscellaneous other sources.
Figure 387 shows a typical fuselage SPL measured in the propeller plane
with the propfan powered, and Figure 388 shows data from the same trans-
ducer for a propfan-off test. Spey engine power was the same in both
cases. The discrete tones produced by the propfan at blade passage fre-
quency (BPF) and higher orders of BPF can be clearly seen in Figure 387.
Figure 388 shows no such tones but does show a high noise level at
frequencies less than 300 Hz that was not measured with the propfan on.
This might have been a cavity noise from the windmilling propfan engine
inlet, but appears to have little significance since it was only measured
in the propfan-off cases.
The more important observation from a comparison of Figures 387 and 388 is
that broadband noise levels at frequencies greater than about 500 Hz are
about the same with propfan on and off. This says that propfan broadband
noise was buried in the background noise and would be difficult, if not
impossible, to extract from the background noise; but it also says that
propfan broadband noise is at most no greater than the level indicated in
Figure 388, and tha= propfan noise was clearly dominated by the tone noise
shown in Figure 387.
Figure 389 shows a comparison of spectra from microphones on the wing boom
and on the fuselage for the design cruise condition. Major differences
between the =wo are =he levels of the tone noise signals and the levels of
the broadband noise. The higher tone noise levels on the fuselage are
attributable to pressure doubling effects; the higher broadband noise is
attributed to the thicker boundary layer on the fuselage.
Because propfan noise was dominated by tone noise, most of the discussion
that follows is based on observations and analyses of tone noise levels.
Furthermore, in analyzing the effects of power, tip speed, etc., the noise
levels selected were generally the maximum values measured in a given
region of the aircraft.
The distribution of SPL at BPF over the surface of the fuselage facing the
propfan is shown in Figure 390. The maximum SPL was 147.1 aft of the
propfan plane, a distance equivalent to approximately D_/4, and near but
slightly below the waterline of closest approach. The region where SPLs
were greater than 140 dB approximated a circle with diameter equal to Dp.
Circumferential distribution of SPLs around the fuselage in the propfan
plane is shown in Figure 391. Here the maximum noise near the point of
closest approach is evident, together with the rapid diminution of noise
levels in the regions facing the propfan less directly.
487
",r__
SPL--- dB
ALTITUDE = 10,668m (35,000 FT)
AIRSPEED = 0.80 MN
PROPFAN = 100% MCP
NO. 1 SPEY = 70% MCT
NO. 2 SPEY = 100% MCT
130
FREQUENCY"- IiERI'i
Figure 387. Effects of Near Side Spey Engine on Fuselage
Noise - Prop On
ALTITUDE = 10,668m (35,000 FT')
AIRSPEED = 0.80 MN
NO. 1 SPEY = 70% MCT
NO. 2 SPEY = 100% MCT
_..3o
IZS
SPL-_ dB
11 c.
110
Figure 388.
tee_
FREQUENCY ---HERTZ
Isee
Effects of Near Side Spey Engine on Fuselage
Noise - Prop Off
Z_
488
N_
6U_
n"
A
v
3
Ch _=I
II
N
am r'v'--
O ,,<
,._ "r| I-- _-
O O
"- 7
s_
II Lu
II
Z I-- __
X U
j_ IL
_ _ tk Z
E
X CO
n,,
u.I
<
0 0
0 0
.
9_
/ •
m
_L
m
q
_p
qm
/
q_p
____-. _
b
0
O
0
>.
Z
611
iii
e_
0
0
_ w
>-
Z
e,,
o
0
0
_h
o
o
u
o
u
_J
o
u
ffJ
t_
o
_J
t_
(8P] 73A37
3_IFISS3_Id (3N1705
489
A.-- "r
LI. r_
o
--.]:
U3 v
II _,
it ee"
I,,- _ ti
O_ :::
_OJ--
> a,. _;
'i
_,', =_
=_:
•. z < _
Z
<
Ik--
I,
O.
0
Ik
• o
_5"'_a"" _o
_ _ \__.
/ \
\
-\
_r
o
,,_J
_-Z
o
O
0
I,.d
ol
I,,,
o
I,=,
,'s
-,,-t
rl.
490
"o
b_
c_
-I
_._
o
_._
_._
o
o
491
The variation of fundamental tone SPL on the fuselage with propfan power
is shown in Figure 392 for several constant rotational speeds. These
plots are for the design cruise condition where the helical tip Math
number ranged from 1.02 to 1.16.
The noise signals presented in these plots are made up of contributions
due to blade loading and blade thickness. As power is increased, it is
expected that loading noise would increase, and vice versa. If blade
loading is decreased and noise levels do not diminish, there is the impli-
cation that some other noise mechanism is beginning to control. This is
the case for the two highest tip speeds shown in Figure 392 where there
appears to be a noise "floor." This suggests that for high tip speeds and
lower powers, thickness noise dominated in these results. For the other
conditions represented in Figure 392, loading noise appears to be the
dominant mechanism.
In Figure 393, fuselage noise data are plotted against propfan thrust for
several constant rotational speeds. Generally, the attainment of higher
thrust was accompanied by an increase in noise. At the highest thrust
levels, however, the highest noise level was measured at the rotational
speed of 243 mps (797 fps) with slightly lower noise levels on either side
of that point.
Noise levels are displayed as functions of propfan power coefficient,
advance ratio, and blade angle in the carpet plot of Figure 394. The SPLs
for the propfan fundamental tone increased in level in an orderly manner
with decreasing advance ratio and increasing power coefficient. There was
no optimum design combination for minimum noise.
Values of area maximum SPL at BPF are shown in Figure 395 in terms of
where they occurred in the flight test envelope. The data trends are
orderly in chat SPL increased with flight Math number at a given altitude
and increased slightly with altltude at constant Math number--at least up
to about I0,668m (30,000 ft). Thus SPL was maximum at the design cruise
condition and lower for climb-out. The same trends were followed for the
higher order tone levels.
A similar presentation is shown in Figure 396 but this time to show the
reduction in levels from first to second order tone. Generally, the
second order tone levels were about 5 to 7 dB lower than the first order
levels.
The variation of SPL with helical tip Mach number is shown in Figure 397.
Increasing tip Mach number produced a steady rise in noise levels for all
flight conditions, and the rate of increase is approximately the same for
all condltlons. There is no difference between the rate of increase for
subsonic and for supersonic cases.
Test cases were planned to produce data that would enable an evaluation of
the parameter pc = for altitude scaling of acoustic pressures. The tables
of Figure 398 show five pairs of test polnts--two for supersonic tip
speeds and three for subsonic. In each of these five cases, data were
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obtained for two altitudes at common Cp and J values. The tables list for
each case the difference in SPL measured at the two altitudes.
The scaling theory uses the relationship:
AdB = 20 log p2c2=
2
P iCl
to define theoretical differences in SPL for different altitudes. This
relationship was used to calculate the differences in SPL for the five
pairs of test conditions shown in Figure 398. Figure 399 shows the
measured SPL differences plotted against the theoretical values. These
data indicate that the scaling parameter is moderately accurate--giving
results within about 2 dB of measured values. The fact that better
agreement of the theory was obtained for Cases i and 2 than for Cases 3
through 5 is probably more a function of the magnitude of altitude
differences than of a subsonic-versus-supersonic relationship.
All of the results so far discussed have been for the baseline nacelle
tilt angle of -i degree. The PTA tests revealed, however, that propfan
noise is strongly affected by nacelle tilt. This follows from the results
already discussed that showed blade loading noise to be a strong con-
tributor to total blade noise. Recognizing that, Figure 400 shows how
radiated noise inboard and outboard of the propfan may be affected by
changes in nacelle tilt angle.
With the blades moving upwards on the inboard side of the propfan axis,
an increase in nacelle tilt decreases the blade angle of attack and
diminishes loading noise. On the outboard side of the propfan, an
increase in nacelle tilt angle increases the blade angle of attack and
increases loading noise. The data shown in Figure 401 for SPL on the
fuselage and on the acoustic boom show these hypotheses to be correct. It
can be seen that SPL was a strong function of nacelle tilt angle, and the
curve slopes were reversed from inboard to outboard sides.
It is obvious from these results that inflow angle is a strong considera-
tion in new configuration design if propfan noise is to be minimized.
After the near-field noise tests were completed, 46 points were selected
for comparison with theoretical predictions. The aircraft and engine
flight condition data were used as input, and Hamilton Standard used state
of the art prediction methods to calculate propfan noise. The prediction
technique is outlined in Figure 402.
A summary of results for all the calculated cases is shown in Figure 403.
Generally, the theory tended to overpredict noise for the design cruise
case where the noise levels were highest and underpredict for the low
speed climb cases where the noise was lower. This tendency is displayed
more graphically in Figure 404 where differences between predicted and
measured SPLs are shown for all the test points in the flight envelope.
Figure 405 shows a comparison between predicted SPL along the side of the
fuselage and that measured for the BPF tone and the second harmonic.
Generally, the theory did a good Job of predicting the location of maximum
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SPL, but predicted a more rapid fall-off fore and aft than shown by the
data. Figure 406 shows that the theory predicted the shape of the spectra
well even though the SPL level was off.
The comparison of predicted and measured power effects on fuselage SPLs
shows a general failure of the theory to adequately predict power effects
and suggests (following the line of reasoning used in the discussion of
Figure 392) that the theory is overly dominated by thickness noise.
Figure 407 shows that the theory does a better job of predicting the
increase in noise with increasing rotational speed, but fails to predict
the reversal of this trend at higher rotational speeds that is shown by
the data.
Another area in which the theory was .inadequate was in the prediction of
the effects of inflow angle on noise. This is shown in Figure 408. In
the worst case, the data show a 9 dB reduction in SPL for the 5 degrees of
change in nacelle tilt, whereas the theory predicts less than i dB change.
9.2.3.2 Fluctuating Pressure Levels
The most significant acoustic impact of the propfan on the aircraft other
than the sound pressure levels produced on the fuselage was the production
of fluctuating pressure in the region where the propfan slipstream
impinged on the wing. The slipstream contains blade trailing edge wakes
and blade tip vortices--both of which produce oscillating surface pres-
sures.
The character of the oscillating pressure on the wing is more complex than
that on the side of the fuselage. The fuselage oscillating pressures
result from airborne sound pressures, while the wake-impacted oscillating
pressures are more nearly hydrodynamic in nature.
Fluctuating pressures were measured with 44 transducers mounted on the
wing upper and lower surfaces. They were arrayed, inboard and outboard of
the nacelle, from leading to trailing edge of the wing in the region near
the edge of the propfan slipstream.
As was the case with SPLs, the FPL signals were characterized by a strong
fundamental tone at BPF and higher order harmonics as shown in Figure 409.
These tones exceeded the noise floor level by at least 20 dB, so attention
in the analysis was concentrated on these tone signals.
The noise levels varied from quadrant to quadrant in the four regions
of slipstream influence as may be seen in Figure 410. The highest FPL
levels were measured on the wing lower surface on the inboard side of the
nacelle. Distribution of FPL values over the wing lower surface is shown
in Figure 411. For the design cruise condition shown, the highest FPL
was 148.2 dB near the wing leading edge. The comparable distribution over
the wing upper surface is shown in Figure 412, with a maximum value of
140.6 dB.
Chordwise distributions of FPL over the wing in the regions inboard of the
nacelle are shown in Figure 413. For the signal at BPF, both upper and
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lower surfaces show FPL values greater than [40 dB over a considerable
portion of the wing.
The effects of propfan power and tip speed on FPL levels are shown in
Figures 414 and 415 for inboard and outboard sides of the nacelle respec-
tively. On the inboard side, levels increase with power as in the case of
sound pressure levels, but are almost independent of rotational speed. On
the outboard side, there are stronger effects of both power and speed.
One of the reasons for the different levels of excitation inboard and
outboard is that, because of wing sweep, the propfan:tip vortices that
cause much of the excitation must travel further on the outboard side to
reach the wing leading edge.
The variation over the flight envelope of FPLM at BPF for the wing lower
inboard quadrant is shown in Figure 416. For this 19-point data set,
propfan tip speed was held constant, and power was held at the maximum
attainable. Some of the levels shown on this figure are low and out of
pattern, but for most of the points, the FPL is about 150 ±3 dB. The same
data are used to show the differences between FPL and SPL in Figure 417.
Fluctuating pressure levels on the wing ranged higher than sound pressure
• levels on the fuselage hy about 17 dB at the lowest speeds and altitudes
and were of the same order of magnitude as the sound pressure levels at
the higher speeds and altitudes.
The effect of nacelle tilt on FPL in the four quadrants is shown in
Figure 418. There is considerable inconsistency in the data, but
generally a tendency for FPL to decrease slightly with increasing nacelle
tilt angle on the inboard side, and perhaps increase slightly on the
outboard side. These same trends were more pronounced in the SPL data.
Fluctuating pressure levels were also predicted for the same set of data
used in the SPL predictions. An outline of the prediction methodology is
shown in Figure 419. An overall comparison of the correlation between
predicted and measured points is shown in Figure 420. It can be seen that
the theory considerably underpredicted FPL.
Figure 421 shows, on the other hand, that the theory predicts quite well
the effects of power on FPL even though absolute levels are missed. It is
conjectured that the main reason for the significant underprediction of
FPL is the failure of the theory to account for the intense localized
loading produced by the tip vortices from the propfan blades.
9.3 LOW ALTITUDE TESTS
9.3.1 Objectives and Scope
The major objective of the low-altitude research tests was to obtain far-
field noise data of the type needed for aircraft certification to FAR 36.
This involved ground measurements directly below the flight path and at
sideline distances of 450m (1476 ft). Other measurements were made at
sideline distances out to 2469m (8100 ft) for the purpose of studying the
lateral attenuation of noise.
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The test conditions planned for these tests are shown in Figure 422. Test
variables included flyover altitude, nacelle tilt, propfan power, and
propfan tip speed. These tests were flown from NASA's Wallops Flight Test
Center, Wallop's Island, Virginia.
9.3.2 Test Procedures
As in the case of the high-altitude tests, all test flights were made with
the left hand Spey engine set at minimum power to maintain level flight.
Tests were normally flown north-to-south over long the west end of an
east-west runway. The sideline instrumentation was arrayed along that
runway. Some flights were also made in the south-to-north direction to
obtain data on the opposite side of the aircraft and assess lateral
directivity effects.
Obtaining propfan-power-off data required a speqlal technique. The objec-
tive was to get data with the Spey engines set at the same levels used
when the propfan was on and powered. At those Spey engine power settings,
but without the propfan thrust, the aircraft could not maintain level
flight. In order to get these propfan-off data, therefore, it was neces-
sary to take data as the aircraft glided through the stations where data
points were needed. Since these stations were located along the flight
path for a considerable distance, it was necessary to fly a number of
short glides to get a complete set of prop-off data for a single flyover
altitude. This technique is depicted in Figure 423.
Other procedures were the same as for the high altitude tests.
9.3.3 Results and Discussions
9.3.3.1 Far-Field Noise
Typical data samples from the far-field noise tests are shown in the time
histories of Figure 424 and the I/3-octave spectra of Figure 425. These
results show that peak noise was measured close to the aircraft-overhead
position at the time of sound emission. The spectra show _hat the propfan
blade-passing-frequency (BPF) tone was clearly distinguishable from other
noise sources, and that in many cases the first harmonic was also distin-
guishable.
To compare the total aircraft acoustic data with the data from flights
with the propfan blades removed, the data were normalized to 305m
(i000 ft) radius as free-field lossless data. This was achieved by
determining the emission angle, the emission time, and the corresponding
airplane coordinates from radar data. The sound propagation distance was
calculated using the emission coordinates, and atmospheric corrections
were applied. To minimize the ground reflection effects as functions of
frequency and incidence angle, only inverted ground microphone data were
used. Ground reflections were assumed to be 6 dB and independent of
frequency and incidence angle. Contamination of the noise signals from
extraneous sources limited the useful propfan data to that at frequencies
below i000 Hz.
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Other analyses were performed, as reported in Reference lO(a), to extract
propfan noise from the total noise signals recorded. These led to the
determination that overall sound pressure level (OASPL) of total aircraft
noise was a suitable parameter by which to evaluate the propfan far-field
noise.
Noise dlrectlvity in the azimuthal plane was derived using the data from
inverted microphones at seven ground stations at the time of peak OASPL in
the time histories. These data are plotted in Figur e 426. Some of the
scatter at least may be attributed to the fact that the data came from
several different flyovers. The curve shown is a least squares fit through
the data points. It can be seen that noise was several dB higher on the
side of the aircraft away from the propfan. It is believed that this
directivity results from the fact that there is some net inflow angle to
the propfan. At the conditions flown, this angle in the vertical plane
was approximately 5 degrees.
Noise levels are plotted in the polar plane (for an azimuthal angle of
90 degrees) in Figure 427. A strong directivity is apparent wi_h SPL
peaking at about _ = 86° and falling off rapidly fore and aft. The
effects of operating parameters on far-field noise was studied using
linear regression curve fits through large quantities of data obtained
within narrow bands of flight and propfan operating parameters.
Figures 428(a) through (e) show the effects of propfan power and tip speed
on peak OASPL values for five different ground microphones. Generally,
increasing propfan power from 1715 kw (2300 hp) to 4400 kw (5900 hp) at
constant tip speed caused OASPL to increase by about 13 dB. For constant
power, an increase in tip Mach number from 0.63 to 0.81 caused OASPL to
increase about i0 dB.
Figures 429(a) through (d) show the effects of nacelle tilt angle on peak
OASPL for four ground microphone positions. Increasing nacelle tilt from
-3 to +2 degrees increased OASPL about 3 to 4 dB. Since angle of attack
for the aircraft during these tests was approximately 5 degrees, there was
always a positive upwash angle into the propfan even at nacelle tilt of
-3 degrees$
Sound pressure levels were predicted by Hamilton Standard using a method
that included steady and unsteady loading, thickness, and broadband noise
components. Atmospheric effects were computed using the measured temper-
ature and relative humidity, and corrections for ground reflections were
applied.
Overall comparisons of predicted and measured data are presented in
Figure 430 with a linear regression curve fit through the data points.
The peak OASPL plotted is the maximum value in the OASPL time history and
represents the tone level at blade passage frequency. It can be seen that
the sound pressure levels were generally underpredicted by 6 to I0 dB.
A predicted OASPL time history is compared with the measured time history
in Figure 431. It can be seen that the theory predicted the shape of the
time history well even though the level of the peak was missed. The plots
of Figure 432 show a comparison of the predicted and measured I/3-octave
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band spectra. Since the theory predicted only propfan noise, it would not
be expected to match the data except in the regions near the tone and
harmonics.
Figures 433(a) through (d) show that the trends of power effects on OASPL
are reasonably predicted even though the levels are missed. Figures 434(a)
through (d) show a similar result for prediction of tip Math number
effects. Figure 435, however, shows that as was the case for other noise
parameters, the theory was inadequate in prediction of nacelle tilt angle
effects.
9.3.3.2 Lateral Noise Attenuation
Lateral noise attenuation is that attenuation of sideline noise that
cannot be accounted for by known factors. As illustrated in Figure 436,
lateral attenuation is defined for the purposes of this discussion as the
difference between sound pressure levels under the flight path and the
sound pressure levels for the same propagation distance at some azimuthal
angle to the side of the aircraft.
The lateral attenuation was calculated by using the sound pressure levels
from flyover and sideline inverted ground microphones at the time corre-
sponding to peak OASPL in the time history. Only the inverted ground
microphone data were used so that the differences in ground reflections
were minimized. The calculations were made only for the first blade
passing frequency tone.
Since the propfan rotational speed changed from one flight to the other,
BPF varied within the range of four i/3-octave bands. The sum of the
sound pressure in those four bands represents the BPF tone since the BPF
tone level is higher than the other three bands by about I0 dB. There-
fore, the total sound pressure levels (sum in the four bands) were used to
derive the lateral attenuation of BPF tone. The measured flyover sound
pressure levels were extrapolated to the same propagation distances as
that of the sideline microphone (both corresponding to the emission time).
The emission coordinates and the extrapolations were derived using the
measured radar, forward speed, and ambient condition data.
Figures 437 and 438 show for port and starboard sides of the aircraft,
respectively, the lateral attenuation data thus derived. It can be seen
that there is considerable scatter in the data, but this is typical for
such data since they came from many different flights at different alti-
tudes and different propfan operational parameters. Curves faired through
these data with least squares methods do, however, show systematic trends.
This can be seen in Figure 439 where all of the faired data are shown.
As shown in Figure 439, on the port side of the aircraft, or side nearest
the propfan, there was positive attenuation (noise was reduced with.eleva-
tion ankle) while on the side away from the propfan, the noise attenuation
was negative. Increasing the nacelle tilt angle increased noise attenua-
tion.
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9.4 CABIN NOISE TESTS
9.4.1 Objectives and Scope
The cabin noise tests were performed to determine levels and spatial
distributions of noise in the untreated-wall cabin of the PTA aircraft.
In conjunction with the ground acoustics and vibration tests, these tests
also provided information about noise paths and the relative importance of
airborne and structureborne noise.
9.4.2 Test Procedures
The cabin area of interest for the cabin noise tests is shown in
Figure 440. The cabin was clear of all personnel and equipment for a
space approximately l. Sm (5 ft) forward of the prop plane to 3m ([0 ft)
aft of the prop plane. _he cabin walls were essentially untreated
throughout this region', and windows were production model hardware. Cabin
air temperatures were maintained within a constant range for all tests.
Cabin noise data were obtained concurrently with the other high altitude
test data. In addition, however, tests for some flight conditions were
made with a movable TRAM inside the cabin to obtain spatial surveys of
noise distribution. The flight test envelope for these tests was shown in
Figure 386. For two of the flight conditions shown in Figure 386, the
TRAM (with an array of microphones as shown in Figure 441) was positioned
at 18 points along the fuselage axis spaced approximately 26 cm
(10.25 in.) apart. Data were then recorded for variations of rotational
speed at maximum continuous power. At one TRAM position and one flight
condition, the effects of cabin pressurization were measured.
All data were obtained with the aircraft in level flight and the Spey
engine on the propfan side operating at minimum power needed to maintain
level flight.
9.4.3 Results and Discussion
The time histories of sound pressures inside the cabin were similar to
those measured on the exterior surface of the fuselage with multiple
tones standing well above a random noise floor as shown in Figure 442.
The level of the first-order tone inside the cabin was lower than
expected--indicating a noise reduction ranging from 30 to 35 dB at the
low-order tones to 40 to 45 dB at the high orders. These data are for a
position corresponding to that where the highest exterior noise levels
were measured.
Spectra for a lateral array and a longitudinal array of microphones at
seated head height are plotted in Figure 443. At any given blade order
frequency, it can be seen that there is a variation of I0 to 25 dB from
one position to another. Highest levels did not necessarily occur nearest
the propfan, nor did the lowest levels occur farthest from the propfan.
Noise level contours in the plane of the propfan at blade passage fre-
quency are shown in Figure 444. The levels were clearly influenced by the
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dynamics of the shell structure and by the acoustic response of the cabin
vo Iume.
For the cases presented in Figures 443 and 444, propfan tip speed was
243 mps (797 fps), which corresponds to a blade passage frequency
of 226 Hz. At other blade passage frequencies, the noise level
spatial variation was similar, but highest levels occurred at other
locations--again as a result of shell dynamics and cabin volume modal
response.
The lines faired through the frequency spectra peaks in Figures 443 and
444 are average values for the arrays represented. Such averages will be
used hereafter in the discussions of the effects of the various flight and
propfan power parameters on noise. Thus the effect of propfan tip speed
is displayed in Figure 445 for two conditions of cabin pressurization.
It can be seen that average cabin noise level was I to 5 dB higher when
the cabin was pressurized. This is attributed to a stiffening of the
shell when the cabin was pressurized and to the effects of the higher air
density. Theoretically, the effect of the latter is expected to account
for a noise increase of about 3 dB, so the effects of shell stiffening and
resonance change appear to be insignificant.
Data analysis showed that cabin noise varied with aircraft and propulsion
system operating parameters in the same manner as did exterior noise.
This can be seen in Figure 446 where cabin average and fuselage average
SPLs are plotted for four different speed/altitude conditions. The
highest noise levels in both cases is for the design cruise condition,
while lowest noise levels were measured in the low-speed climb condition.
The difference between the two sets of curves in Figure 446 represents the
average noise reduction--approximately 25 dB for all conditions and all
tones. The same kind of result is shown in Figure 447 where interior and
exterior noise is shown for different propfan powers.
In _rder to assess the relative importance of structureborne noise, ground
tests were performed, as described earlier, in which the structure of the
aircraft was excited with shakers and acoustic horns. Certain reference
accelerometers were used to define the level of excitation, and the cabin
noise level was recorded as a function of these reference readings. The
same reference instruments were then used in the flight tests to estimate
the level of cabin noise caused by wing structural vibration.
Cabin structureborne noise predicted by this empirical technique was
generally found to be significantly lower than measured cabin noise. This
is illustrated in Figure 448 where predicted cabin noise for several
values of wing vibration are compared with the values measured in flight.
These results indicate that structureborne noise probably did not con-
tribute to cabin noise except perhaps at the low-altitude, low_speed
condition, and then only at the third-order blade passage frequency.
Other analysis techniques were also used to search for evidence of signif-
icant structureborne noise, but nothing was found to change the conclusion
that the primary noise path in the PTA tests was airborne.
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At the design cruise condition of the PTA propfan, the "A-weighted" sound
levels of the cabin ranged from 106 dBA to 86 dBA over the first seven
blade orders, as shown in Figure 449. These levels sum co an overall
level of Ii0 dBA, whereas a reasonable cabin noise target might be about
80 dBA. For practical design, an addition cabin noise reduction of about
40 dB may be required, and this added to the noise reduction of 25 dB
attained in the PTA cabin shell structure would require a noise
suppression goal for a new propfan cabin wall of about 65 dB. This would
be a significant design challenge, but noise control research now in
progress indicates that such a goal is attainable.
9.5 CABIN ACOUSTIC TREATMENT TEST
Development of an advanced cabin wall acoustic treatment concept was
funded by NASA-Langley Research Center under the contract of Reference 20.
This treatment cook advantage of the fact that propfan noise is dominated
by tones a= discrete frequencies and used acoustic resonators that were
tuned to the blade passage frequency. Small-scale tests indicated that
such resonators could reduce this dominant tone noise by 60 dB or more.
To test this concept, a compartment was built that would fit inside the
PTA cabin. The walls of this compartment contained an array of Helmholtz
resonators that were tuned to the blade passage frequency at 100-percent
Np. Assembly of this acoustic enclosure is depicted in Figure A50. The
end walls of the enclosure were acoustically sealed.
Three PTA flights were made to test the acoustic enclosure. In one, the
resonator openings were sealed off, so that their effectiveness could be
evaluated. All in all, the results were somewhat inconclusive. The
predicted large transmission loss into the enclosure was not achieved, but
there was evidence of enough effectiveness co warrant further study.
There was some suspicion that the effor_ to acoustically seal the end
walls was insufficient and that noise may have entered the enclosure via
that route. The evaluation of these results and further study of this
concept is continuing under another contract.
551
AVERAGE
A-WE[CHTEO
SOUND LEVEL
(aSA)
11o
lQQ
M=0.8
H = 10,668m (35,000 FT')
9o
80
7o
_o
so
ARE PTA CABIN
TREATED CABIN
£F---"_-L\ (_o d_Al
's_o ' ' _o'oo _s'oo ..... :_oo
BLAOE-OROER FREQUENCY _ HERTZ
Figure 449. Noise Reduc=ion Required at BPF to Achieve 80 dBA
in Cabin
552
ORIGINAL PAGE-.
BLACK AND WHITE PHOTOP.:_APH
Figure 450. Assembly of the Advanced-Acoustic-Wall Cabin
Enclosure for PTA Flight Tests
553

10.0 CONCLUDING REMARKS
The Propfan Test Assessment Program resulted in the collection of a large
array of systematic flight test data on the structural dynamics and
acoustics of high-speed propfans. All objectives were met or exceeded on
schedule and under budget. The test envelopes covered all the various
flight environments of propfan-powered commercial transport aircraft, and
obtained near-fleld noise and vibratory blade stress data over a wide
range of power and rotational speeds. Far-field noise data were obtained
in low-altitude flyover tests to simulate FAR 36 test conditions.
Cabin noise data were obtained for bare cabin walls and for a new-
technology wall configuration built around the use of Relmholtz resonators
tuned to the blade passage frequency of the propfan.
In cooperation with the FAA, tests were performed to measure ground noise
for flyovers at 7,620m (25,000 ft) and i0,668m (35,000 ft).
An important feature of the test hardware was the provision to change the
tilt angle of the propfan cente=line. This feature allowed propfan inflow
angle to be an independent variable in these tests and provided much
valuable new data on the effects of this variable.
The major portion of the flight research test program was performed during
a four-month period during which 472 test runs were obtained in 33 air-
craft flights. Seventeen more flights were required to obtain data for
the cabin enclosure and flyover noise tests. The results of these latter
tests are to be reported by other agencies and are not dealt with in
detail in this report.
With regards to blade stress results, there were no significant deviations
from predicted behavior. The highest test Math number was 0.89, and
within the flight regime to this extreme, results showed that vibratory
loads were well within the limits for infinite fatigue life.
The near-field noise tests showed the propfan noise to be dominated by
blade-order tones--wlth the fundamental tone rarely exceeded by the higher
orders. Maximum sound pressures on the fuselage were generally over-
predicted in the cruise conditions and underpredicted for the low-speed
climb conditions. Inflow angle to the propfan had a strong effect on both
near-fleld and far-fleld noise.
The bare cabin wall resulted
25 dB, and the inconclusive
showed promise that advanced
ments in the range of 80 dB.
in noise transmission loss of approximately
results of the cabin enclosure tests still
wall treatments can provide cabin environ-
Far-field ground noise measurements for low altitude flyovers were higher
than predicted by enough to warrant further studies of airport noise for
propfan-powered aircraft. These data show far-fleld noise to be affected
by a number of design variables and provide a good basis for aircraft
system trade studies. The PTA data also provided an evaluation of lateral
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noise attenuation--showing significant dependence of lateral attenuation
on elevation angle and negligible dependence on slant range.
Fluctuating pressure levels on the wing in the wake of the propfan slip-
stream were approximately equal to sound pressure levels on the fuselage
at high-speed cruise, but were i0 to 20 dB higher at climb conditions.
These fluctuating pressures were considerably underpredicted by existing
theory.
The acoustic analyses within the scope of the PTA Program did not exhaust
the potential value of the research data. In fact, as in most research
programs, the analyses produced a good many questions as well as answers.
These data are available as NASA-Lewis Research Center and are recommended
to other researchers as a rich source of information on the character-
istics of high-speed propeller noise.
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APPENDIX A
ACOUSTIC REFLECTION CONTAMINATION TESTS
IN THE NASA-LANGLEY 16-FT TRANSONIC TUNNEL
In_roductlon
The original PTA work plan called for near-field acoustics measurements
on the i/9-scale model in the Langley 16-Ft Transonic Tunnel. The test
section of that tunnel, however, was hard-wall. It was, therefore, not
known to what extent the propfan sound waves reaching the various acoustic
transducers might be contaminated by sound reflections from the walls.
These concerns prompted a study to determine the degree of contamination.
The method and the apparatus used for this study, and the results,
are described briefly herein. Detailed descriptions are available in
Reference A-I.
The
Reference A-2. In the PTA application,
pulses were propagated into the wind
ensuring that the pulse rate and width
were adequately separated (in time) from
other, it was possible to isolate the
reflected waves.
method used was the "impulse technique" which is described in
a series of very sharp acoustic
tunnel test section flow. By
were such that reflected pulses
the direct pulses and from each
direct incident wave from the
An example is presented in Figure A-I in which the direct signal (denoted
by D) and the reflected signals (denoted by R I and R2_ can easily bedistinguished and quantified in the frequency domain y performing a
Fourier transform on each individual pulse component. In the presence
of high velocity flow, it becomes increasingly difficult to isolate the
pulses from the tunnel broadband flow noise, so time domain signal averag-
ing was used to overcome this problem.
Test Apparatus
A high intensity impulsive noise source was developed and installed in the
wind tunnel in such a way that i=s noise would be radiated from the region
where the propfan would normally be located. The source was supported
so that it would remain in place and steady when subjected to the loads
imposed by the high velocity wind tunnel flow. A sketch of the arrange-
ment is shown in Figure A-2.
Figure A-2 also shows the relative position of the I/9-scale model which
was instrumented with 108 miniature microphones. Forty-three of the
transducers were installed on the fuselage, five were installed on an
acoustic boom located diametrically opposite the propfan from five of the
fuselage microphones, and the rest were installed on the upper and lower
surfaces of the wing.
Twelve transducers were selected for monitoring during the reflection
contamination tests. They were chosen to give information representative
of the total instrumented area of the model.
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A dual-channel pulse generator was used to drive the power amplifiers for
the acoustic drivers and to generate a slightly delayed trigger signal
which was recorded on the data tape for later time domain averaging. The
response of the 12 transducers was also simul_aneously recorded on the
tape recorder.
Tests
The effect of pulse peak voltage, pulse width, and pulse rate on the
acoustic source output were first investigated in Lockheed's Acoustics
Laboratory, and subsequently in the 16-Ft Tunnel. Based on these results,
all tests were performed using a pulse width of 300 microseconds. The
pulse rate was selected on the basis of the tunnel reverberation charac-
teristics by operating the acoustic source at different pulse rates
starting with a very low value. The pulse rate was gradually increased
until a maximum tolerable level of residual signal existed, before the
arrival of the next pulse. The chosen rate was ten per second, and
the time history from a fuselage transducer for this case is shown in
Figure A-3. Clearly, the reverberation had decayed to a very low level,
compared with the initial direct pulse, by the arrival time of the next
pulse.
The signal recording time was governed by the number of averages necessary
to extract the required signal from the tunnel flow noise--the higher the
background noise, the longer the recording time.
The directivity of the pulse source was, of course, quite different from
that of the model propfan. The impact of this difference was examined in
Reference A-I and found to not significantly affect the results. The
effects of structural shielding of the direct acoustic wave (but not the
reflected wave) were examined in the wind tunnel. These two effects were
studied so that appropriate corrections could be made in the event that
reflection contaminations were found to be significant. Corrections were
not necessary, however, because the reflections were insignificant for all
important configurations and locations.
Having established the noise source operation conditions, and the length
of record required, the tests were then conducted at tunnel Math numbers
ranging from zero to 0.8, in one-tenth steps, with the model at an angle
of attack of 2 degrees. This angle was representative of the majority of
the test configurations planned for the acoustic measurement program.
Results
The data were reduced using a digital signal processor, which was capable
of performing up to 4096 averages in the time-averaglng mode. This max-
imum number was used to analyze data for Math numbers above 0.6. Fewer
averages were needed for the lower Math number data. A typical averaged
time history from a fuselage transducer at M = 0 is shown in Figure A-4.
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In Eigure A-5, to the left of the model schematic, are shown the time
histories recorded at each of four transducers along the fuselage side
facing the source. As would be expected, the maximum pulse peak value
occurred at the transducer located in the plane of the source. The rela-
tively small magnitude of the peak at Fuselage Station 9, which in terms
of propagation distance should be similar in magnitude to that at Fuselage
Station I, was due to the shielding effect of the wing. The reflections
shown at approximately I millisecond and 1.5 milliseconds after the direct
pulse originate from the propfan spinner/nacelle and the wing leading
edge.
To the right of the schematic in Figure A-5 are shown the time histories
measured at the transducers around the fuselage in the plane of the
source. Once again, the effect of shielding is evident from the time
histories of transducers F51 and F5A.
Figure A-6 shows the time histories for the wing and boom transducers.
Figure A-7 shows the time histories measured at the transducer on the
fuselage side at the propfan plane for all tunnel Math numbers tested.
The full 40 milliseconds time period is shown in each case. As the Math
number increased, the pulse source efficiency deteriorated, and the pulse
became increasingly broad. In addition, the wall reflections became
increasingly more difficult to identify, and by the time M = 0.8 was
reached, identification of the wall reflections was practically impos-
sible.
Spectrum analyses of the direct and reflected pulses are shown in
Figure A-8 for a fuselage microphone in the propfan plane. It is clear
that the most significant reflection spectrum was more than 30 dB below
that of the direct signal. This confirms that measurements of propfan
noise made at this point on the model would not be contaminated by tunnel
wall reflections. This was confirmed again at fuselage transducers F34
and F57 in Figures A-9 and A-10, respectively, where the margin was of the
order of 20 to 30 dB. Data from the wing lower surface transducer, LIAI,
are shown in Figure A-If. In this case, the margin was again greater than
20 dB at frequencies corresponding to the first three blade-passage tones.
At higher Math numbers, the results for transducer F54, at Math numbers of
0.2, 0.4, and 0.7, are shown in Figures A-12(a), (b), and (c), respec-
tively. Once again, the margin was better than 30 dB for the first three
blade-passage tones.
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Conclusions
The primary objective was accompllshed--the importance of reflection
contamination of acoustic measurements made in the near-fleld of the
source, in a hard-walled, high-speed, wind tunnel was investigated. The
results showed that the reflections from the walls of the tunnel were
insignificant compared to the direct signal from the source to the trans-
ducers in all important locations.
The pulse source directivity relative to the model propfan directivity was
not assessed because the result would usually be to reduce the signif-
icance of the reflection even further. Since a margin of at least 20 dB
of direct over reflected signal existed, it was considered unnecessary to
include such corrections.
At first inspection, the data from some transducers showed the possibility
of contamination, but a closer examination revealed that this occurred
only at measurement locations where there was no direct line-of-sight
between the transducer and the source, i.e., the transducer was shielded.
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APPENDIX B
REVERSE ROTATION DESIGN STUDY
The preliminary design phase of the PTA program included a study of modi-
fications to provide for a twin engine version of the PTA aircraft and the
capability to operate one engine with rotation in either direction. As a
result of this study, it was determined that only the gearbox would need
to be modified to provide opposite rotation. The resultant design,
however, would require a 20 rpm higher power section output speed than for
base rotation. The modifications from the PTA configuration would include
casting pattern changes, and changes to the accessory gear train, prop
brake, nose scavenge pump, planet system, and lube system. These are
summarized in Figure B-I.
The major changes from the PTA gearbox'would be:
Addition of reversing idler gear to the offset gear mesh to pro-
vide opposite "rotation
O Widening of idler gear teeth to accommodate reverse bending loads
and maintain infinite life bending stress
New rear housing and center diaphragm castings to accommodate the
added idler gear and its support bearings
o Increased capacity of the pressure oil pump
The rear housing would be lengthened 2 cm (0.8 in.), and the contour would
be altered to provide clearance for the reversing idler gear. A boss
would be added to support the bearing. The gearbox center diaphragm would
be recontoured to provide attachment for the rear housing and to provide a
boss for the front idler bearing. The helical splines of the prop brake
would be machined in the opposite direction from the PTA gearbox splines
in order to apply friction torque in the appropriate direction.
The nose scavenge pump would be inverted, as shown in Figure B-2, to
permit it to mesh with the reversing idler gear and fit inside the gearbox
case. The PTA gearbox oil pump would be modified by increasing tooth
height and increasing pump speed 3.6 percent to increase the oil capacity
from 87 llter/minute (23 GPM) for the PTA pump to II0 liter/minute
(29 GPM) in order to add oil to the reversing idler gear teeth and
bearings. Limiting the nose-up attitude to less than i0 degrees during
propfan operation would prevent the aft scavenge pump from unporting and
thus would provide sufficient scavenge capacity to accommodate the
increase in pressure pump capacity/flow rate.
The opposite rotation planet gear system would rotate in the same
direction as the production T56 gears but 66 percent faster. The
resulting bearing loads would be the same as for the PTA design, which is
lower than for the T56 application. The planet roller separators would
exert 2.75 times the radial load on the Journal due to the higher prop
B-2
shaft rotational speed. As for the PTA application, the Journal land
finish would be improved by "stoning" to 0.000000l cm (0.000025 in.) peak-
to valley.
The operational characteristics of the opposite rotation gearbox design
are compared to the T56 and PTA gearboxes as follows:
PTA Opposite
T56 Rotation PTA
Overall Ratio 13.54 6.8085 6.7967
Pinion Rotation CCW CW CW
Prop Rotation CW CW CCW
Input Speed 13,820 11,520 11,500
Prop Speed 1,020 1,692 1,692
Pump Rotation + + +
Max Power 3,728 kw 4,474 kw 4,474 kw
(5,000 shp) (6,000 shp) (6,000 shp)
Speed Variation 100% 75%-105% 75%-105%
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APPENDIX C
LOW-SPEED r F_LL-SCALE WIND TUNNEL TESTS
I.0 INTRODUCTION
The PTA Program was originally structured in two phases--with the first
phase culminating in a full-scale wind tunnel test, and with all flight
tests relegated to the second phase. The reasons for this were: a degree
of uncertainty about the final level of funding for the program, and the
desire to get full-scale simulated flight data in the event that flight
tests were not funded.
Shortly after the contract was awarded, however, the government decided to
fund the flight tests. From that point, the need for the full-scale wind
tunnel tests was less urgenC, and subsequently this task was dropped from
the PTA Program so that other tasks could be expanded.
The low-speed wind tunnel tests would have provided some valuable data,
however, particularly in the area of cabin acoustics and on phenomena
associated with airborne and structureborne noise propagation. It is
believed, therefore, that the studies and analyses performed in preparing
for these tests may have value to guide others in planning similar
research programs. A complete report of this work may be found in
Reference C-I.
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2.0 TEST REQUIREMENTS
The objectives of the full-scale PTA wind tunnel tests were to:
o Provide propfan blade stress and acoustics data under simulated
low-speed flight conditions
o Provide propfan inflow angle measurements to validate prediction
methods
o Provide for systematic investigation of yaw and pitch inflow
effects on propfan noise and blade stress
Establish baseline noise and
flight test data
Obtain data to evaluate the
borne and airborne noise
Provide for mechanical Checkout
control system at low airspeeds
vibration data for comparison with
relative contribution of structure-
of the propfan drive system and
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3.0 TEST HARDWARE
3.1 TEST FACILITY
These tests were planned for the 40
Research Center. This facility and
tlon are described in Reference C-2.
x 80-Ft Wind Tunnel of the NASA-Ames
its requirements for model installa-
3.2 TEST ARTICLE
Because the objectives of these tests included blade stress tests and
acoustic measurements in a realistic environment, it was desired to use or
simulate as much of the flight hardware as possible. It was also desired
that provisions be made for isolating and identifying the propfan noise
propagated through the air and that propagated through the aircraft
structure.
To measure airborne noise alone, it was planned that the cabin and wing
structure would be independently mounted from the wind tunnel floor so
that no noise could be propagated through the aircraft structure. To
measure structureborne noise alone, it was planned that the wing and
fuselage would be joined with the normal attachment fittings and that a
cocoon would be built around the fuselage to shield it from airborne
noise.
The proposed test hardware is shown in Figure C-I. It included: (a) the
propfan, nacelle, and drive system mounted on the flight hardware GII
wing, (b) a cabin developed from a fuselage barrel section off the Gill
production line, and (c) a double-wall cocoon. Preliminary design draw-
ings were developed for all this hardware.
3.2.1 Win_ and Drive System
The wing proposed for these tests was the wing that would be used in the
flight test program. After all structural modifications were made, it was
planned that the wing would be mated to the nacelle containing the propfan
drive system and that this assembly would become the basic element of the
test hardware.
3.2.2 Fuselage
It was not necessary to use an entire fuselage in these tests; it was
necessary that the wing-fuselage attachment be realistic, that the cabin
wall structure be accurately modeled, and that the cabin have pressur-
ization capability. Since there were no spare GII fuselage sections
available, it was decided to take a 9.1m (30-ft) long barrel section from
the GIII assembly line and use it as the test fuselage. Pressure
bulkheads were designed for each end, and aerodynamic falrings were
designed to simulate the fuselage nose and tall sections. The nose
fairing is shown in Figure C-2, and the tall fairing was similar.
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Figure C-I. PTA Model in NASA-Ames 40 x 80 Ft Wi_id Tun_lel
Figure C-2. Test Article Forward Fairing
C-5
3.2.3 Cocoon
The cocoon is shown in Figure C-3. It was a double-walled structure to
obtain the required noise reduction and was designed to fit around the
wing and fuselage without being structurally attached to either the wing
or fuselage. It was designed in two parts with a horizontal split line
along the wing chord line at the planes of intersection. The cocoon also
had nose and tail aerodynamic fairings.
As shown in the cross section of Figure C-3, the cocoon was supported from
the wind tunnel floor. A platform, independently mounted from the floor,
supported the rest of the test hardware. This platform is shown in Figure
C-4, and the platform and model without the cocoon is shown in Figures C-5
through C-7.
The walls of the cocoon were 4 mm (0.16 in.) aluminum lined .with lead
vinyl sheets. Seals that would not significantly transmit vibration were
designed for the regions where the walls of the cocoon fit around the
wings.
3.3 T_ST PROCEDUES
Test procedures were developed
HamiltOn Standard, Allison, and
urations are depicted in Figure
outlined below.
by Lockheed with recommendations from
Lockheed engineers. The test config-
C-8. Test sequences were developed as
Order Configuration Consideration
Bare wing with propfan
and microphone ring
around fuselage
Obtain baseline data
2 As i, with isolated
fuselage and cocoon
If cocoon results are unacceptable
(cabin interior noise too high),
eliminate tests of Configurations
3 and 4
As 2, with fuselage
connected to the wing
If structureborne noise (SBN) is
very low, there is no need for
Configuration 4
As 3, with massive
damping of fuselage
Obtain SBN transmitted only through
the floor
As I, with fuselage
attached to wing
Simulates the flight case; micro-
phone ring can be eliminated if
Configuration 1 results are
satisfactory
6 As 2, without cocoon If SBN is undetectable in cocoon
tests, this configuration will be
eliminated
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Figure C-3. Acoustic Cocoon
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This test program was designed for an allotted lO-week test span.
3.4 TEST INSTROMENTATION
3.4.1 Instrumentation
The criteria for development of the research data system was that the same
equipment be used for tests at the Ames tunnel and aboard the test air-
plane. There were, however, minor differences in the transducer makeup at
the wind tunnel and on the airplane. The following instrumentation was
unique to each test:
WIND TUNNEL TESTS FLIGHT TESTS
Propeller Inflow Rake
Acoustic Microphone Ring
Tunnel Floor Microphones
Flutter Accelerometers
Telemetry Down Llnk
Airplane Basic Flight Parameters
Far-Field Microphones
FAR 36 Test Simulations
A complete listing was developed of test data parameters (with ranges and
accuracies) which was almost identical to that for flight tests. Notable
additions for the investigation of propfan noise are depicted in Figures
C-9 and C-10. Microphones were arrayed along the tunnel floor to record
the far-field noise signal, and a "microphone ring" placed microphones
just beyond the propfan tips to record near-field noise. "In addition, the
velocity and direction of airflow in the propfan plane was to be measured
by rake-mounted probes.
3.5 DATA SYSTEM
For these tests, data system consoles were to be exactly the same as for
the flight tests, and there was to be approximately 90 percent commonality
for the data system wiring diagrams. The principal differences were the
transducer wiring for the acoustic microphone ring and an array of micro-
phones on the tunnel floor.
Design for the data acquisition system focussed on three areas:
Signal conditioning equipment
Control panels and racks
Cable harnesses
The eight signal conditioning modules were of standard design. The
70 constant-bandwidth frequency modulating (CBFM) cards were designed to
handle 4 channels of data each with band-edge-overrun-limiting resistors
on each "board." A standard (stand alone) remote controller was employed
in the design. Existing designs were selected for the FM line driver/
reference card, the decommutator, and approximately 172 signal conditioner
cards.
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The control panels and racks were as designed for flight tests. They
included:
Power supply/J box
Data system control panel
Data system consoles
Power control and distribution panel
Signal module containment boxes
Dynamic monitor control panel
Several pieces of special test instrumentation were required to meet the
test objectives: a propeller inflow rake, an acoustic ring, an acoustic
wing boom, an acoustic traversing rake for the cabin, and a far-field
noise measurement assembly. The wing boom and cabin traversing rake are
described as part of the flight test program. The propeller inflow rake
was not designed at the time this task was terminated; it was to be
installed in place of the propfan to obtain precise measurement of the
flow field in which the propfan was operating. The acoustic ring, also
not designed at the termination of the task, was to locate microphones in
a circle around the propfan and adjacent to the fuselage side wall. The
far-field noise measurement assembly is depicted in Figure C-IO.
Cables for data and power transmission were basically the same as for
flight tests, but were designed to be fed through the tunnel floor and
routed to the tunnel control room instead of being routed inside the
fuselage. The tunnel propfan data system wiring was to be connected at
the QEC disconnect and substituted for aircraft wiring. The PTA data
system power control was to be located in the wind tunnel control room.
Cables without disconnects were designed to provide circuit protection for
the dynamic signal modules.
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4.0 ANALYSIS
4.1 AERODTNAMIC ANALYSIS
The aerodynamic analysis activity was limited to prediction of aerodynamic
forces on test hardware and to studies related to propfan flow field
measurement and subsequent validation of flow field prediction method-
ology. Flow field measurements were to be used by Hamilton Standard to
predict blade stresses for comparison with measured data and also to
validate flow field prediction methods. Flow velocity vectors were to be
measured with a rake of "5-hole probes" capable of accurately measuring
the three-dimensional velocity components.
Planning and study of this work was performed only in sufficient depth to
establish feasibility.
4.2 ACOUSTIC ANALYSIS
4.2.1 Objectives
The objectives in acoustic analysis were to obtain near-field noise and
vibration data and cabin noise data in sufficient detail to:
aQ Establish a data base for comparison with later flight test
acoustic and vibration data and to make parametric assessments of
these data
b. Verify predicted propfan and drive system near-field noise
characteristics.
Co Determine the relative importance
cabin and provide an assessment
mechanisms
of structureborne noise in the
of st ructureborne transmission
d. Assess potential design concepts for the reduction of structure-
borne noise
e. Estimate cabin noise levels at PTA cruise conditions
f. Estimate the effect of two propfans (twin configuration) on cabin
noise levels, including the effect(s) of propfan direction of
rotation
g. Predict near- and far-field noise using measured propeller inflow
fields and comparison with measured levels
h. Determine the absolute level of structureborne noise in the cabin
i. Validate predicted far-fleld noise characteristics by measurement
of "far-field" noise data in the wind tunnel
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4.2.2 Analysis
The experimental and analytical approach to meet the required objectives
evolved to include:
a. Test plans development
b. Application of wind tunnel acoustic and vibration test data to
airplane
c. Model, wind tunnel, and flight acoustic environment prediction
d. Model acoustic and vibration transducer locations and require-
ments
e. Test hardware acoustic design requirements
Prediction methods for the estimation of structureborne noise in aircraft
cabins have not yet been developed. Limited flight test data from current
propeller-driven aircraft suggest, however, that unattenuated structure-
borne noise may produce a cabin noise "floor" at a level greater than
80 dBA.
The wind tunnel acoustic and vibration data to issue from these tests
would be almost directly applicable to the PTA airplane at low altitudes
and Math numbers up to 0.4. They would enable more precise acoustic
conversions between tunnel and flight data to be developed based upon
important propfan acoustic parameters and on acoustic impedance differ-
ences. A preliminary version of a sound pressure level (SPL) adjustment
curve is shown in Figure C-If. Obtaining a low-speed "overlap" point
between wind tunnel and flight tests is very important in relating data
from the two sources.
Scaling of cabin noise levels is based on external excitation noise levels
in terms of sound pressure levels (SPLs) and fluctuating pressure levels
(FPLs). Predictions of fuselage SPLs and wing FPLs indicate different
dependencies on propfan parameters. Because cabin total noise, structure-
borne noise, and airborne noise would be separately measured du_i_g the
planned tests, it is expected that application of such a data base would
result in a better understanding of the mechanism and importance of
structureborne noise transmission into the cabin during PTA cruise
conditions.
Propfan acoustic environment predictions were made for the fuselage and
wing to determine expected noise levels for comparison with expected PTA
flight noise levels and to determine noise reduction requirements for the
fuselage acoustic cocoon. The geometries, fuselage SPLs, and wing FPL
predictions are shown in Figure C-12 through C-14.
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NOTES:
Q z_dB IS APPLIED TO MEASURED TUNNEL SPL TO OBTAIN
FLIGHT SPL AT SAME MO, J AND Cp, AND U FOR THE
SAME GEOMETRIC LOCATION.
_dB IS APPLICABLE TO ALL PROPELLER TONES.
FREQUENCIES NEED TO BE REDUCED BY SCALE FACTOR
_dB TO BE
ADDED TO
TUNNEL SPL
(4)
(8)
(12)
(16)
AIRCRAFT
ALTITUDE
Km (ft)
1.52 (5000)
0 0.2 0.4 0.6 0.8
TUNNEL MACH NUMBER
Figure C-II. Wind Tunnel-to-Flight Noise Corrections
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The prediction methods used in these analyses were:
For propeller-generated SPLs on the fuselage surface: "SR7 Near-
Field Noise Predlction Program (PTANEAR)," prepared by Hamilton
Standard (Reference C-2)
For propeller-generated FPLs on the wing surface: an empirical
method devised by Lockheed-Georgia Company
A comparison between predicted noise for wind tunnel and flight tests at
the propfan design point reveals that the fuselage SPLs would reduce by
18 dB between flight and the wind tunnel, whereas the wing FPLs would
reduce by only 4 dB. This indicates that the LSWT test, as proposed, was
an excellent tool for the identification of cabin structureborne noise and
for investigating structureborne noise mechanisms.
The tunnel reverberant acoustic SPLs on the fuselage and wing were
also estimated and are shown in Figure C-15. The indication is that
reverberant acoustic levels would be much less than the direct acoustic
levels and, therefore, would not be a significant problem in the near-
field tests. For the planned far-field tests, it is expected that the
reverberant effects would be much more severe. However, as part of the
wind tunnel test program, reverberant noise levels in the tunnel would be
measured and their impact reassessed.
A peak noise level of 138 dB was predicted on the surface of the cocoon at
the fundamental frequency.
4.2.3 Location of Instrumentation
The acoustic and vibration transducer locations were essentially the same
as for the PTA airplane. In fact, the same instrumented wing, propulsion
system, and wing acoustic boom were to be used in the PTA flight test
program. The need for the propfan near-field noise survey in the LSWT
required the addition of the special acoustic microphone ring. All trans-
ducer locations were carefully defined so as to obtain data required to
satisfy the program objectives. The transducer types also were selected
for best sensitivity, range, ruggedness, high-speed grazing flow, temper-
ature environment static pressure, reliability, etc.
4.2.4 Test Hardware Acoustic Requirements
The mounting of the fuselage/wing specimen in the wind tunnel required
that:
io The fuselage and wing supports be designed to enable the fuselage
to be physically separated from the wing. This was essential for
the assessment of the relative magnitudes of structureborne and
airborne noise and vibration.
2. No vibration be transmitted from the wind tunnel floor to either
the fuselage or the wing.
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o The fuselage and wing support mounting attachments not adversely
affect the structural vibration characteristics (local or over-
all) of the fuselage or the wing so that the structureborne noise
propagation and distribution is significantly changed.
4. To avoid undue excitation, the wing support structure not be
located in the propfan wake.
The requirement that structureborne noise be positively identified and
measured in the fuselage cabin led to the need for the coco)on to com-
pletely surround the fuselage specimen. Special anti-vibratlon mounting
of the cocoon from the floor was not necessary. The cocoon had to
provide:
Sufficient acoustic attenuation of the propfan airborne noise
that the measured noise level in the cabin would he .in fact
clearly dominated by structureborne noise. This led to a
required cocoon wall noise reduction of at least 45 dB, in the
vicinity of the propeller plane, for the propeller fundamental
frequency of 226 Hz. The logic leading to this acoustical
requirement is illustrated in Figure C-16.
o Access for the wings, which would be subject to vertical static
and vibratory displacement, without generating an acoustical
flanking path.
3. Access for personnel into the cabin.
4. Access to microphones installed on the fuselage external surface
for calibration and inspection purposes.
It was planned that the acoustic microphone ring around the propeller
should be as large as possible without interfering with the fuselage, and
the ring support system should not be subject to excitation by the propfan
wake.
For far-field noise level measurements, microphones were to be installed
directly beneath the centerline of the propulsion system, and flush-
mounted on a flat plate.
4.2.5 Acoustic Data Evaluation Plans
It was planned that the first acoustic analyses would be of a test
conducted to determine tunnel background noise levels and the level of
reverberant source noise at near- and far-field microphone locations. The
data would be evaluated to determine the magnitude and extent of wind
tunnel induced acoustic contamination at the various microphone locations
for comparison with the later propfan acoustic signals.
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The propfan acoustic data evaluation would consist of identification of
absolute noise levels and trends in the following areas:
ao Near-Field Acoustics - The analysis emphasis in near-field
acoustics would be on propfan fundamental tone; however, the
importance of the propfan harmonics would be determined.
Analyses would focus on:
o Near-free-field sound pressure level (SPL)
o Near-field fuselage SPL and phase; baseline data would be
analyzed parametrically
Near-field wing FPL and phase; baseline data for FPL and
phase would be analyzed parametrically
b. Far-Field Acoustics - The frequency range of concern was 50 to
i0,000 Hz, which encompasses all the propfan tones and any
propfan broadband noise. The far-field data would be acquired
along a line parallel to and 6m (20 ft) beneath the propulsion
centerline. Although the wind tunnel and the propfan could be
operated at realistic operating conditions for far-field noise
purposes, important questions needed t_ be resolved concerning
possible interference with the propfan far-field noise. The
microphones would be exposed to tunnel drive noise, propfan drive
system noise (with muffler tailpipe installed), propfan noise,
and tunnel reverberant acoustic effects on all these sources.
They also would be exposed to grazing bou,ldary layer flow.
Considering these effects, the analysis would be aimed at:
o Source separation of the measured acoustic data
Determination of the propfan-alone spectra sensitivity to
significant operational parameters
Determination of the drive system muffler effectiveness
using measured and predicted data
The fuselage, wing, and cocoon configurations and test combinations were
carefully defined so that the following cabin noise source levels and
their previously discussed parametrics could be defined:
a. Total noise (airborne plus structureborne noise) - measured in
the baseline configuration
b. Airborne noise - measured with the fuselage physically separated
from the wing
c. Structureborne noise - measured with the cocoon surrounding the
fuselage to suppress the airborne noise
d. Structureborne noise arising from the floor alone - measured as
above but with massive sidewall soundproofing added
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A test was planned _rlth the cocoon surrounding the fuselage but physically
separated from the wing. The fuselage would be unpressurlzed because i_
could be pressurized only when attached to the ur_ng. The measured cabin
noise levels should be very low so that a cabin sound pressure level
increase of at least I0 dB must be obtained when the wing is reattached
and the cocoon still in place. Demonstration of this increase would con-
_irm that the test approach is valid; it was, therefore, an essential part
of the acoustic test.
Cabin acoustic and vibration data on spatial distribution of noise would
be acquired in a non-soundproof (no cocoon) fuselage cabin. The majority
of the data would be acquired at a tunnel speed of M = 0.4. Results would
be analyzed primarily to define the distribution of the fundamental tone
and first few harmonics at cabin wall axial and circumferential sidewall
locations and spatially at a height corresponding to the average seated
head height. The survey would be obtained on a parametric basis, from
which cabin sound sensitivities would be determined for:
o Propeller tip rotation speed
o Propeller shaft horsepower
o Aircraft angle of attack
o Nacelle tilt angle
o Tunnel speed
Another essential part of the analysis was planned to be a comparison of
cabin noise levels measured in the wind tunnel program and in the airplane
at equivalent test conditions, e.g., the low-speed overlap point. Such a
comparison would be made on a total noise basis.
An analysis was planned to determine the level of structureborne noise in
the airplane cabin at the LAP cruise design point (H = I0,668m (35,000 ft)
and M = 0.8). The approach would comprise the following steps:
a. Identification of the measured cabin structureborne noise level
in the tunnel at M = 0.4, with the fuselage pressurized and
unpressurized
b. Development of measured and predicted wing FPLs at both tunnel
and flight conditions
c. Prediction of the cabin structureborne noise at the LAP condition
d. Identification of the measured cabin airborne noise levels in the
tunnel at M = 0.4
e. Development of measured and predicted fuselage SPLs at both
tunnel and flight conditions
f. Prediction of the cabin airborne noise at the design conditions
g. Prediction of the cabin total noise (airborne plus structureborne
noise)
h. Comparison of predicted and measured PTA cabin noise total levels
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After the level and distribution of structureborne noise in the PTAcabin
at the LAPdesign point was determined, its importance would be assessed.
Objectives of the structureborne noise (SBN) evaluation were to:
Estimate the cabin structureborne noise level and assess its
importance
o Identify the source of cabin structureborne noise
o Define structureborne noise mechanisms and transmission paths
The first objective was discussed under the cabin noise discussion. This
discussion deals with the analysis approach to satisfy the last two objec-
tives. The candidate sources of SBN noise are:
o
o
Propeller slipstream excitation of the wing
Engine mount excitation of the wing
The principal test configuration for this analysis was that in which the
cocoon surrounded the fuselage (to block the airborne excitation) and the
wing was attached to the fuselage. The test parameters varied would be:
propfan tip rotational speed and shaft horsepower, tunnel speed, angle of
attack, and nacelle tilt.
The acoustic data of interest would be the accelerations measured on the
engine, engine mounts, wing, wing/fuselage interface, and the fuselage
skin/stringer structure, and the fluctuating pressure levels measured on
the wing surface behind the propeller.
The total structureborne noise contribution to interior noise for the LSWT
test conditions would be identified, and the structureborne noise trans-
mitted through the aircraft floor alone would also be identified. The
variation of a single parameter such as angle of attack, rpm, or free-
stream Mach number might cause a particular variable such as wing surface
pressure loading or forces through the engine mounts to show a correlation
with interior noise. The desired results would be a sensitivity of
interior noise to both surface pressure loading and forces (mass or
aerodynamic unbalance) through the engine mounts. The "mechan[_" or
transmission path might be identified by the wing strain and acceleration
measurements. If the wing were excited by normal structural modes, the
spar strain measurements should also correlate with interior noise. On
the other hand, if there were a local wing panel response to the propeller
wake and this response were transmitted via surface panel modal or forced
response, then wing surface accelerations might correlate with interior
noise. There is no validated method for identifying "mechanisms" and
transmission paths. This effort was planned as an exercise in deduction
and logic using the test measurements obtained for these controlled
laboratory tests.
The relationships identified from the planned tests and analyses could be
used to extrapolate to design point conditions. This would be accom-
plished by comparisons to demonstrate the similarity between the LSWT
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measurements and flight test measurements, prediction of increased wing
surface pressure and/or increased engine mount loads at design cruise, and
estimations of the magnitude of the structureborne noise level that would
occur. It would be assumed that the LSWT-determined transfer functions
are valid in flight at cruise condition.
Some concerns exist about the approach to the structureborne noise study
of this test. It would not be possible to identify the airborne noise
transmission through the floor because there was no configuration planned
that would block SBN, have a treated sidewall, but no cocoon. The
possibility exists that airborne noise transmission through the floor
could be greater than the SBN transmission. If this occurred, conclusions
based only on SBN transmission would be [n error. For example, the SBN
transmission through the floor might be low enough to be ignored while the
unmeasured ABN transmission through the floor might be significant. It
must be emphasized that for cabin noise control purposes, the critical
design information would be sidewall-radiated versus floor-radiated noise
and not ABN versus SBN transmission.
4.3 STRUCTURAL ANALYSIS
A brief analysis was performed to derive the preliminary test parameter
limitations required to assure support loads within allowable values for
the fuselage, wing, cocoon, and tunnel mounting structure. Two test
configurations were examined: (i) symmetric - complete wings on each
side of the fuselage; (2) asymmetric - complete wing on the left/propfan
side of the fuselage and a stub wing on the right side. The resulting
limitations are shown in Figures C-17 and C-18. These findings are
preliminary and would have to be updated to reflect subsequent data
refinements and model support platform configuration changes tha_ would
accompany a continuation of the design effort.
4.3.1 Loads Analysis
The preliminary loads analysis effort was directed toward estimating the
test parameter limitations required" to assure model support loads (wind
tunnel balance) within allowable values. These allowable applied loads
are:
MOUNT
Front
Main (Left/Right)
ALLOWABLE LOAD kN (LB)
DOWN UP SIDE DRAG THRUST
80.1 80.1 - - -
(18,000) (18,000)
155.7 66.7 17.8 35.6 35.6
(35,000) (15,000) (4,000) (8,000) (8,000)
The model platform and support system was analyzed as illustrated in
Figures C-19 and C-20. This configuration would be subject to change with
additional refinement/development of the model design.
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The following axes and sign conventions were used for all applied loads:
x - positive aft
y - positive left
z - positive up
Positive moments are left wing up, nose up, left wing forward. Convention
origin was FS 451.3, BL 0, WL lO0.
Aerodynamic loadings were estimated using a vortex-lattice solution for a
paneled representation of the model:
Load Symmetric Confi_uratlon Asymmetric Configuration
Px 10.24q + .13q( G + I) 2 10.24q + .13q( _ + I) _
P 0 0
Y
P 48.73q( _ + 2) 40.78q( _ + i)
Z
M lll.6q( G + i) 5689q( G + i)
X
M 2274q + i13.5q( _ + i) 2274q + 602.9q( G + i)
Y
M 0 _ 0
Z
where: q - Tunnel dynamic pressure (psf)
Model angle of attack (deg)
Inertia data were:
Model:
Lo ad
Pz' kN (Ib)
M , N-m (in.-ib)
x
My, N-m (in.-lb)
Symmetric
Configuration
-73.2 (-16,446)
-2,785 (-793,158)
-2,900 (-826,083)
Asymmetric
Configuration
-69.9 (-15,718)
-4,324 (-1,231,348)
-2,423 (-690,000)
Platform: Weight = 36 kN (8100 ib)
each support)
Propulsion data were estimated:
Thrust: Apply thrust levels shown in
prop tip speed (conservative)
Prop Airloads: Use Hamilton Standard
derivatives for the SR3 propfan.
(apply as -12 kn (-2700 Ib) at
Figure C-21 irrespective of
propeller force and moment
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 - tOdd ed
Torque: Use 4474 kw (6000 shp) for all conditions
(Mx = 1.782 x 108/VTI P)
where: M - Torque (in.-lb)
x
VTI P - Propeller tip speed (fps)
Applied loads at each support were determined for combinations of the
following parameters:
Tunnel airspeed, VK: 0, I00, 150, 200, 250 knots
Propfan thrust: ± maximum available and zero
Prop tip speed, VTIP: 183 (600), 244 (800), 256 (840) mps (fps)
Angle of attack, : 5, 3, 0, -3, -5 degrees
Nacelle tilt, NT: 3, -I, -5 degrees
A computer program was used to perform all calculations. The resulting
support loads were extracted from the program output, tabulated for
analysis and review, and are shown graphically in Figures C-17 and C-18.
4.3.2 Stress Analysis
The primary stress effort accomplished was: (I) stress design support
to the preliminary layouts for the cocoon and platform configurations,
(2) study of the LSWT requirements and load capabilities and their accom-
modation in the preliminary designs, and (3) modular additions to the
aircraft modification finite element model to incorporate the LSWT
requirements for internal loads and platform loads.
4.3.3 Stress Desi_n Support
Stress support was provided to the preliminary design activities to
integrate the requirements of the different test configurations and the
associated structural support systems. These include the LSWT test
specimen, cocoon, platform, the flat pressure bulkheads in the fuselage
at FS 120 and FS 498, and interfaces. The test configurations were to
be evaluated through a finite element model analysis to determine the
internal loads and stresses and support loads. These are entirely dif-
ferent from those due to normal aircraft usage, such as the restraint of
wing aerodynamic/propulsive loads at the trunnion points.
4.3.4 LSWT Requirements
The LSWT requirements were studied and reflected in the preliminary design
of the test hardware and support system. Allowable loads on the tunnel
struts dictated selection of the symmetric wing configuration to avoid
large moments about the longitudinal axis. The test hardware design and
test plans were oriented towards ensuring that the test article interfaced
with the 40 x 80 Ft Wind Tunnel and toward the conduct of tests without
damage to the test specimen, wind tunnel, and/or personnel.
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4.3.5 Finite Element Model
The LSWT test article configurations were reflected in the overall air-
craft modification finite element model by adding modules to represent the
test configurations. Flat pressure bulkhead modules and the associated
interface or transition areas were modeled for closure at the ends of the
fuselage barrel section.
4.3.6 Vibration
Ground vibration tests would be required for the test article, as mounted
in the Low-Speed Wind Tunnel, to meet the tunnel entry criteria. Addi-
tional tests would be required for variations o_ the test article and the
associated variations in the test article mounting to the platform support
structure.
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5.0 CONCLUSIONS
5.1 CONCLUSIONS
It was concluded that it would be feasible to conduct the full-scale, low-
speed wind tunnel test. The flight-weight wing, nacelle, and fuselage
hardware could be safely tested in the NASA-Ames 40 x 80 Ft Low-Speed Wind
Tunnel, and separate measures of structureborne noise and airborne noise
could probably be obtained from this test.
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APPENDIX D
PREDICTED AIRPORT PERFORMANCE - PTA AIRCRAFT
As part of the aerodynamic analysis of the PTA aircraft, predictions were
made of airport performance. Results of this analysis are given in the
charts of this appendix.
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APPENDIX E
SAMPLE OF A COMPUTERIZKD SAFETY TRACKING LOG
A sample of a computerized safety tracking log is attached.
E-I
-._,_
PTA
HAZARD
TRACKING
LOG
E-2
PTA HAZARD LOG AND RISK INDEX
As a means to monitor progress in elimination or mitigation of PTA
hazards, this Hazard Tracking Log lists PTA program hazards by safety
risk value, status, and required continuing actions. Column heading
explanations follow:
HAZARD IDENT:
HAZARD REMARKS:
IN HRI:
MO HRI :
FI HRI:
HAZ STAT:
VERIF:
VOL NUM:
CLOSE AUTH:
Alpha-Numeric identifier of hazard.
Hazard or potential problem.
Initial Hazard Risk Index (HRI) value given to each
hazard.
Modified HRI value due to mitigating action or
circumstances.
Final HRI value when hazard CLOSED.
Hazard status - OPEN; CLOS(ed).
How hazard mitigating circumstances confirmed:
A : Analysis
D = Design
P = Procedures
C : Comparability (off-the-shelf)
[ = Inspection
T = Test
PTA hazard analyses volume where hazard most recently
analyzed.
Ol : Preliminary Hazard Analysis
O2F : Subsystem Hazard Analysis
02S = System Hazard Analysis
03 : Static Test Operating & Support Hazarc An_!ys!s
04 = Flight Test Operating & Support Hazard Analysis
Design/readiness review where hazard is recommended
CLOSED. This means no additional actions are planne_
other than those identified in "corrective action/
remarks" column of the hazard analyses worksheets.
Closure is recommended by Lockheed and formalized by
NASA-LeRC approval of the review.
E-3
PTA HAZARD LOG AND RISK INDEX
(Continued)
CNTG ACT: Continuing action(s) required to mitigate risk to an
"acceptable" level, whether hazard is OPEN or CLOSED.
C = Conditional Maintenance or Inspection
D : Design
E = Emergency or Precautionary Procedures
I = Inspections - Routine or Pre-mission
M : Maintenance
P = Procedure Operations Training
R = Real-Time Monitoring
T = Test Results
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